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ABSTRACT 


The response patterns or "habatats’ of important 
bryophyte species and the patterns of alpha and beta 
diversity in bryophyte communities were described along 
complex elevation and neaerare gradients in Jasper National 
Park, Alberta. Thirty stands were quantitatively sampled 
including wetlands, forests, rock outcrops, and tundra. 

Bryophyte cover was low in xeric communities and 
high in mesic and hydric communities, reaching a maximum of 
almost 70% in Engelmann spruce-subalpine fir forests Ornate 
subalpine zone. 

Direct gradient analysis was used to establish 
relationships among stands and to ascertain species response 
patterns. Habitat breadth and overlap were measured for 
important species. Most species habitats were narrow along 
the moisture gradient and broad along the elevation gradient. 
No two species had identical habitats. Many were restricted 
to one-few substratum types. Species with similar habitats 
often differed in substratum affinities. A literature 
survey indicated that species in the Jasper area performed 
similarly elsewhere. 

Species richness of stands was positively correlated 
with the number of substratum types per stand. Species 
“richness on the most abundant substratum per stand was 


positively correlated with elevation, and species evenness 


was positively correlated with both bryophyte cover and 
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a subjective moisture index, and negatively correlated with 
elevation. The change in bryophyte species composition, or 
beta diversity, was highest along the moisture gradient and 
lowest along the elevation gradient. Trends of bryophyte 

beta diversity were similar to those of understory vascular 
plant beta diversity along the moisture gradient, but dis- 
similar along the elevation gradient especially for mesic 


and hydric coenoclines. 
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INTRODUCTION 


The systematic documentation of species distribu- 
tion and abundance patterns is the first step toward un- 
derstanding their causes. In community ecology, recent 
research has sought to describe and explain changes in 
species composition between communities ‘Whittaker 1956, 
1967, MacArthur 1965, Whittaker, Levin, and Root be Age IA 
and the division of resources by species within communi- 
ties (Hutchinson 1957, 1959, MacArthur 1964, 1965, 
McNaughton and Wolf 1970, Whittaker, Levin, and Root 1973). 
Plant community ecologists have examined changes in spe~ 
cies composition and patterns of within-community vari- 
ables, such as species richness and evenness of abundance, 
along complex elevation, moisture, and nutrient gradients 
(e.g. Curtis.and, Mcintosh 1951, Bray and Curtis.1957, 
Whittaker 1956, 1960, 1967, Monk 1967, Beals 1969, Glenn- 
Lewin 1975, Westman 1975, Bratton 1975, Marks and Harcombe 
(1975). The subject of almost all of these studies has 
been the vascular plant component of the community and only 
rarely have brycphytes and lichens been included (Slack 
EOP I). 

Bryophytes are very different froin vascular plants. 
Since they possess no mechanism to control water loss, lack 


a well. developed vascular system, and have no roots, their 
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water relations are directly regulated by the immediate 
microclimate; hence, they are poikilohydric (Hosokawa, 
Odani, and Tagawa 1964). Furthermore, mosses and liver- 
worts are the only important land plants having a domin- 
ant gametophyte (haploid) generation. Because of these 
differences, bryophytes might be expected to play a dif- 
ferent role in communities than the vascular plants, and 
might also respond differently to environmental gradients. 
Thus, the bryophyte component of the plant community mer- 
its individual scrutiny. 

The examination of a specific stratum or synusia 
within the plant community has become an accepted prac~ 
tice. Lippmaa (1939), who developed the "unistratal con- 
cept" of plant communities, believed that synusiae con~ 
taining plants of similar form and function were valid 
units of study. Whittaker (1972) has observed that: 

ses Species Of \a* particular ’stwatak grouping or 
synusia are more nearly alike in response to en- 
vironment and relation to resources, more direct~ 
ly in competition with one another as mature 
plants, than species of different strata. Divi- 
Sion of plants is thus comparable to division of 
an animal community into guilds. 

Early bryophyte ecologists compared species lists 
and crude abundance estimates to evaluate relationships 
between species and communities (e.g. Watson 1909, 1932) 
but eventually quantitative methods were employed, permit- 


ting more rigorous data analysis (e.g. Cain and Sharp 


1938). European phytosociologists long ago devised 
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schemes for evaluating forest site qualities based on the 
performance of understory species, including bryophytes 
(Cajander 1926). The use of this approach by Brinkman 
(1929), Heimburger, (1934) ,,.and Crandall.(1958) has).in- 
creased our knowledge of bryophyte communities in North 
America. 

From the beginning, ecologists have recognized 
that bryophytes are highly sensitive to substratum type 
and that different bryophyte assemblages develop on dif- 
ferent substrata (Scott 1971). Recent studies in bryo- 
phyte ecology have focused on particular substrata. For 
example, corticolous bryophyte and lichen communities have 
been examined (Billings and Drew 1938, Phillips 1951, Hale 
1952,.1955, Culberson 1955, Barkman 1958,.Iwatsuki 1960, 
Hoffman and Kazmierski 1969, Hoffman 1971) as have saxi- 
colous communities on various rock outcrops (Oosting and 
Anderson 1937, Redfearn 1960, Foote 1966, Yarranton 1967a, 
b, c, d, Bunce 1967, Nagano 1969, Bates 1975). Bryophytes 
on decorticated rotting logs have been surveyed in North 
America only by Cain and Sharp (1938), McCullough (1948), 
and Lacusta (1970) and the neglect these communities have 
received is probably a result of their successional nature 
and obvious sampling difficulties (Scott 1971). Humicol- 
ous mosses and liverworts have received little treatment 
Since the days of forest typing, although notable recent 


studies are those of Davis (1964), Stringer and Stringer 
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(1973, 1974), and La Roi and Stringer (1976). Wetland 
bryophyte communities have been intensively investigated 
and classic studies include those of Sj6rs (1959) and 
Persson and Sjors (1960), with more recent work being con- 
ducted” by Vitt ‘and Slack’ (1975y -and Vitt;, Achuff,*and 
Andrus (1975). 

Much of the bryo-ecological research has concen- 
trated on species composition changes over short gradient 
segments, usually on one substratum, and thus does not pro- 
vide perspective on the "habitats" of bryophytes along com- 
plex topographic gradients like elevation and exposure. 

The "habitat" of a species is its population response pat- 
tern along such intercommunity gradients (Whittaker, Levin, 
and Root 1973). Using a framework of elevation and mois- 
ture gradients in mountainous areas, Whittaker (e.g. 1956, 
1960, 1973a,b) has led the study of vascular plant habi- 
tats. However, this 2-gradient approach to the study of 
plant distribution has not yet been applied to bryophytes. 

Both moisture and elevation are important variables 
for mosses and liverworts. Not only have distinct changes 
in species presence and abundance been associated with 
moisture regime (e.g. Gimingham and Birse 1957, Hale 1952, 
Hamilton 1953, Redfearn 1960) but many autecologists have 
demonstrated bryophyte sensitivity to this factor (e.g. 
Clausen 1952, Hosokawa et al. 1964, Busby pers. comm.). Ele- 


vation, an indirect factor which influences temperature, 
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length of growing season, and other variables, is known to 
correlate with dramatic changes in the composition of the 
vascular strata (e.g. Daubenmire 1943, Whittaker 1956), 
but its influence on bryophytes is less well known. How- 
ever, Seifriz (1924) on Java, Higinbotham and Higinbotham 
(1954) in the Cascade Mountains of Washington, Forman 
(£969) in the White Mountains of New Hampshire, and Slack 
(1971) in the Adirondack Mountains of New York have des- 
cribed changes in bryophyte species composition with ele- 
vation. 

In addition to changes in species composition 
along topographic gradients: trends in species richness 
and evenness are also of interest, but studies of this 
kind have again focused mainly on the vascular plants, 
usually ignoring the bryophytes. Slack (1971) has exam- 
ined both between- and within-community diversity and com- 
munity structure for bryophytes in relation to elevation 
in northern New York, but similar research is lacking for 
Other regions. Furthermore, no one has yet investigated 
changes in bryophyte species composition and species rich- 
ness along complex moisture gradients. A description and 
analysis of such patterns would certainly enhance the un- 
derstanding of bryophyte communities. 

In light of the above discussion the following 


thesis research objectives were set forth: 
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l. To characterize the response patterns of bryo- 
phytes within a mountain landscape in relation to gradients 
of moisture and elevation. 

2. To measure the habitat breadth and overlap of 
selected, dominant species. 

3. To identify and evaluate trends in species 
richness and evenness in bryophyte communities along eleva- 


tion and moisture gradients. 
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DESCRIPTION OF STUDY AREA 


Location 


The study area was located in north central Jasper 
National Park including the northern end of the Maligne 
Range and the adjacent Athabasca, Maligne, and Miette River 
valleys (Fig. 1, Plate 1). Easy access via the Signal Moun- 
tain fire lookout service road and the gentle slopes, gen- 
erally free from mass-wasting, were major criteria in se- 
lecting the area. The availability of extensive literature 
concerning vegetation-environment relationships in the re- 


gion also contributed to the choice. 


Climate 

Alberta's climate is continental, with cold winters 
and short, cool summers. However, “winter temperatures at 
Banff and Jasper ... are generally higher than elsewhere 
in Alberta because of climatic influences of the Pacific 
Ocean" (Longley 1967). 

Continuous climatic data for the study area were 
available only for Jasper townsite; however, a series of 
meteorological stations running from the top of Signal 
Mountain, across the Athabasca River valley to Pyramid 
Mountain was operated from 1969 to 1974. Although data 


from this environmental transect are not yet available, 
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FIGURE 1. 


VAP OF STUDY AREA 
IN 
JASPER NATIONAL PARK 
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Plate 1. View of northern Maligne Range and Athabasca 
valley from Colin Range in Jasper National 
Park. 
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preliminary information provided by La Roi (pers. comm.) 
Suggests the following trends. Annual precipitation, 

which averages 40.6cm at Jasper townsite (Hrapko 1970), 
increases with elevation and probably exceeds 80cm above 
timberline on Pyramid Mountain. A similar trend is ex- 
pected for Signal Mountain. Mean annual temperatures gen- 
erally decrease with elevation. Hrapko (1970) has shown 
that summer diurnal temperature fluctuation is much greater 
at Jasper townsite than on the summit of Signal Mountain. 
Higher elevation areas thus have a cooler, wetter, and per- 


haps less variable climate than do lower elevation areas. 


Geology 


Since the study included sampling of bryophytes on 
rock outcrops, and since many bryophytes have been shown 
to respond to rock type (Nagano 1969), a brief review of 
geological information for the area is presented here. 

The Maligne Range lies in the Main Range Province 
of the Rocky Mountains and several formations of Precamb- 
rian and Cambrian age are ce ake Ae thesvicuinistys “Bhe 
Old Fort Point Formation, composed of argillaceous slates 
and siltstones with subsidiary limestone breccias and 
calcareous sandstones, outcrops frequently in the Athabasca 
River valley, while the southwest slopes of Signal Mountain 
exhibit exposures of the Wynd Formation, an arenaceous and 
argillaceous assortment of conglomerates and sandstones in 


which calcite is the dominant carbonate (Charlesworth et al. 
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1967 and Charlesworth pers. comm.). The arenaceous Gog 
group, which is usually found at higher elevations within 
the study area, including the summit of Mount Tekarra, is 
composed of feldspathic quartzites and largely non-calcar- 
eous sandstones (Charlesworth et al. 1967). 

Intense glaciation of the region occurred during 
the Pleistocene (Shaw 1972) and is evidenced by the erratic 
boulders and roches moutonnées found below 2300m, and by 


extensive moraines and outwash plains in the river valleys. 


Vegetation 

On the basis of vegetation and floristics Jasper 
National Park lies near the boundary between Daubenmire's 
(1943) northern and far northern Rocky Mountain regions 
(Beil 1966). Within the park 3 elevational zones of vege- 
tation have been identified: the alpine, subalpine (or 
spruce-fir) and montane (Daubenmire 1943, Rowe LOT 2)". 
These units have been divided into subzones and delineated 
for the Jasper area by La Roi (1975). 

Within the alpine zone, which lies between tree 
line (2070m) and perpetual ice and snow, the pattern of 
vegetation has been related to environmental factors by 
Hrapko (1970). In areas with full exposure, early snow 
release, high wind speed, and coarse soil texture, xero- 
phytic Dryas octopetala-ltehen and Dryas-moss tundra communi- 
ties are most common. Chionophilous, dwarf shrub-heath 


communities of Casstope tetragona and Dryas ocetopetala are 
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located in protected places, while Casstope mertenstana- 
Phyllodoece glandultflora stands occur in areas of greater 
snow accumulation or on protected slopes at timberline. 
Carex nigricans-dominated communities are associated with 
extremely late melting snowbeds, whereas wetland areas 
with high water tables support wet sedge meadow. 

Between approximately 1530m and 2070m the vegeta- 
tion is subalpine in character with climax Engelmann 
spruce (Picea engelmannit) -subalpine fir (Abtes lastocarpa) for- 
ests dominating on mesic uplands. The spruce-fir forests 
maintain extensive bryophyte strata but usually lack well- 
developed herb and shrub strata (Beil 1966). In the study 
area much of the subalpine zone is covered by even-aged, 
post-fire forests of lodyepole pine, which have been class- 
ified on the basis of their understory species by Hnatiuk 
(1969). The Menztesia glabella, Alnus crispa, Feathermoss, and 
Vaccinium Types are usually successional to spruce~-fir, 
while the Elymus tnnovatus Type often forms a physiographic 
climax on xeric, south-facing slopes. In wet situations 
open Engelmann spruce or black spruce (Picea martana){at lower 
elevations) fens are present. At the other end of the 
moisture gradient south-facing rock outcrops support xero- 
phytic vegetation. 

Perhaps the greatest variety of plant communities 
is found in the montane zone where dry till benches and 


coarse alluvial gravels support climax stands of old 
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Douglas-fir (Pseudotsuga menatesti var. glauca) with Elymus 
trnovatus (Stringer and La Roi 1970) in contrast to the 
mature white spruce (Picea glauca)-feathermoss forests 
found in more mesic sites. At the wet end of the mois- 
ture gradient several kinds of Picea martana fen communi- 
ties have been identified, while Koeleria cristata-Calamagros- 
tts montanensts grasslands (Stringer 1973) and rock out- 
crops represent xeric conditions. 

Fire has been a critical factem in shaping the 
pattern of vegetation and determining canopy species in 
the montane zone. Widespread fires in the Jasper area in 
the late Nineteenth Century are apparently responsible for 
most of the extensive lodgepole pine forests that presently 
dominate the valleys and slopes in the study area (Tande 
pers. comm.). Hnatiuk (1969) recognized 3 major montane 
pine forest types: the Arctostaphylos uva-urst Type, the 
Shepherdta canadensis Type, and the Feathermoss Type; some of 
these form physiographic climaxes on drier sites. 

The bryophyte component of the vegetation is not 
well known, but many of the researchers mentioned above in- 
vestigated the ecological relationships of dominant moss 
species and made statements about the development of the 
bryophyte stratum. 

Bryological research in the Jasper area has been 
predominantly of a floristic nature and, although the park 


is far from well known, over 200 species have been reported 
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(Bird 1973, see ANALYSIS OF THE BRYOPHYTE FLORA, Pe22 ls 
Of historical interest is the visit of renowned botanist 
Thomas Drummond, who explored and collected in the Atha- 
basca and Snake Indian River valleys in 1825 and 1826 and 


May even have walked the lower slopes of the Signal Moun- 


tain. 
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SITE SELECTION AND SAMPLING PROCEDURE 


bite selection. Criteria 

An attempt was made to survey as wide a variety of 
plant communities as possible and to maximize environmen- 
tal differences between sites. Strictly objective, random 
site selection would have resulted in excessively repli- 
cated sampling of common communities and inadequate samp- 
ling of types on less abundant landforms. Thus a subjec- 
tive approach without preconceived bias was deemed appro- 
priate (Mueller-Dombois and Ellenberg 1974). Since the 
yegetation-environment relations were well known for the 
study area, stands could be chosen in an efficient, albeit 
partially subjective, manner. 

The three major vegetation zones and their sub- 
zones were utilized to guide strategic location of stands 
with elevation. Information on intrazonal variation in 
plant communities relating to moisture supply was extrac- 
ted from previous studies of the vegetation (Beil 1966, 
Stringer and La Roi 1970, Stringer 1971, Hnatiuk 1969, 
Laidlaw 1971) and proved invaluable in selecting appropri- 
ate stands. The extreme ends of the moisture gradient are 
not well known in the Jasper region so f used personal 
judgement in choosing suitable rock outcrop and wetland 


communities. 
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With specific, yet flexible, concepts of the major 
plant community types in mind, 30 stands were chosen, all 
of which met the following criteria: 

1. An important quality of each stand was maximal, 
internal homogeneity; it had to have minimal microtopo- 
graphic variation, consistent aspect and slope angle, and 
even distribution of vascular plant strata. 

2. Stands had to have reached a mature or stable 
condition (requires ca. 40 years for the bryophyte stratum 
[Hnatiuk 1969]). Stands younger than 40 years (based on 
increment cores) were not sampled. 

3. Stands had to show little or no disturbance by 
man or other agents. 

The 30 study sites included 5 rock outcrops, 1 
grassland, 15 montane and subalpine forest communities, 5 
fens, and 4 tundra communities, whose main characteristics 
are described in Table 1. Approximate locations of stands 


are shown in Figure l. 


Sampling Procedure 

A crude co-ordinate system was established in each 
stand and random numbers were used to locate a single, 10 
x 50m macroplot. Four corner stakes and a center stake 
were placed and 6, 5m transects were located along the 
plot diagonals, 1 beginning in each corner of the macroplot 
and 2 radiating from the center. The line-intercept tech- 


nique was used along the transects to estimate cover of the 
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vascular plants and major substratum types (humus, wood, 
rock, bark, soil and water). Canopy cover was measured at 
five points along the plot diagonal using a spherical den- 
Siometer, and measurements of altitude (altimeter), slope 
angle (clinometer), and aspect (compass) were taken, 

Fifty 0.2m? quadrats were set out within the macro- 
plot (i.e. 2% sampling intensity) to sample the bryophytes. 
To insure that all substratum types were sampled, the quad- 
rats were allocated proportionately to different substratum 
types based on the line-intercept data for substratum abun- 
dance. Random numbers determined which of the 50 quadrats 
would be used to sample each substratum. At each meter 
mark along the 50m baseline a random number, h, was drawn 
from 0-9, and a stake was located n meters into the plot, 
perpendicular to the baseline. The closest patch of the 
appropriate substratum in the plot was sampled using a 20 
x 100cm quadrat. For small, patchy substrata 20 x 50cm or 
10 x 10cm quadrats were utilized in various combination un- 
til the 0.2m? area was sampled. 

Initially, cover estimates in cm? for bryophytes 
were obtained for each quadrat using a metric ruler, but 
experience allowed use of ocular estimates later in the 
field season. Measurements were made to the nearest cm? 
and were repeatable to within 10% accuracy. The presence 
or absence of sporophytes was noted in each quadrat for 


each species. 
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When quantitative Sampling had been completed a 
search of the macroplot revealed rarer bryophytes which 
were collected and added to the species list for that 
Stand. Voucher specimens were taken of all bryophytes and 
unknown vascular plants. Rock samples were procured from 
all rock outcrops and each of the Study sites was photo- 


graphed. 
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ANALYSIS OF THE BRYOPHYTE FLORA 


Introduction 

In 1962 Bird observed that only 107 moss species 
had been reported from Jasper National Park but he noted 
that the area was still relatively unexplored, bryologic- 
ally.” in the most recent Catalogue of the Bryophytes Re- 
ported from Alberta, Saskatchewan, and Manitoba, Bird 
(1973) listed 184 moss species, 31 hepatics, and 1 horn- 
wort in the Jasper flora. Six mosses and 1 liverwort were 
added by Vitt (1973). I have surveyed recent vegetation 
research in the Jasper area (i.e. Hrapko 1970, Kuchar 
1975, Hettinger 1975) to find 26 moss and 16 hepatic spe-~- 
cies newly reported for the park. Recent studies of the 
Hepaticae in the Jasper region have added 40 species (Bird 
and Hong 19:75, Hong and V2tt. 1976). Thus; prior to this 
writing, the known bryophyte flora of Jasper National Park 
included approximately 216 mosses, 88 liverworts and 1 


hornwort for a total of 305 species. 


Results and Discussion 

In the present study 144 bryophyte species, in- 
cluding 129 mosses and 15 hepatics, were collected and 
identified (see APPENDIX A). Twenty-four of the moss spe- 


cies were new records for Jasper Park and as a result of 
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these additions, the moss and total bryophyte floras of 
the park may be estimated at 240 and 329 species respec- 
tively. 

The size of the Jasper bryophyte flora compares 
favorably with those of other areas in the northern and 
far northern Rocky Mountain regions. Banff National Park, 
for example, supports over 250 bryophyte species (Bird 
1973), but this area has not been as intensively collected 
as Jasper Park in recent years and a substantial increase 
in this number should be expected with future exploration. 
Hermann (1969) has estimated 390 bryophyte taxa to be pres- 
ent within Glacier National Park, Montana, which is smaller 
in size than both Banff and Jasper. If only mosses are 
considered, the relative sizes of these floras remain the 
same; Jasper has 240 species, Banff, 193 and Glacier, 303. 
Vitt and Koponen (1976) have reported 177 mosses from the 
Grande Cache area, just north of Jasper Park. Vitt (unpub- 
lished data) believes the Ogilvie Mountains of the Yukon to 
contain approximately 200 moss species, while farther south 
in the Rockies Weber (1973) has reported 292 species from 
the entire state of Seincic. 

Since the areas mentioned are of different sizes, 
detailed comparison of floras is impossible. However, 
Glacier National Park appears to be the most bryophyte rich 
section of the Rocky Mountains since the bryofloras are 


generally smaller both north and south of this region, even 
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for geographical units of larger size. 

Crum (1966) has observed that: 

At least as far as mosses are concerned there is 
no distinctive flora of the Canadian Rocky Moun- 
tains, pit is .rather a fairly rich assemblage of 
widespread calciphiles derived in post-Pleisto- 
cene times from the American Rockies and the un- 
glaciated mountains of Alaska and Yukon. 

An analysis of floristic elements within the Jasper 
flora largely supports this view. Table 2 presents a break- 
down of the major floristic elements and Table 3 lists the 
Species representing each. Nomenclature is from Crum, 
Steere and Anderson (1973) for all mosses except Mniaceae, 
for which Koponen (1974) is used, and Sphagnum, for which 
Isoviita (1966) is used. Information on species distribu- 
tions was obtained from Bird (19f4a,b)\, Cram: (1973), 
Flowers (1973), Koponen (1974), Lawton (1971), Schofield 
(1969, 1972), and Vitt (1973, pers. ‘comm?):{ 

The circumboreal element, which includes species 
whose ranges are primarily in the boreal zone of the north- 
ern hemisphere, is the largest single element with over 423 
of the species. Together, widespread species and weeds, 
which are distributed throughout the northern hemisphere 
and in many cases throughout the world, account for over 
15% of the flora. There is a large arctic-alpine component 
as well as a number of arctic-alpine-montane species; the 
latter differ from the former in being present below timber- 


line in the mountains. The western North American element 


is small, including about 8% of the species of which 2.93 
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Table 2. Major floristic elements in the moss flora of 


Jasper National Park. 
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FLORISTIC ELEMENT 


CIRCUMBOREAL 
WIDESPREAD 
ARCTIC-ALPINE 
BOREAL-MONTANE 
WESTERN NORTH AMERICAN 
ARCTIC-ALPINE-MONTANE 
MONTANE 


WESTERN NORTH AMERICAN 
(endemic) 


WEEDS 
ALPINE-MONTANE 
BOREAL-TEMPERATE 
TEMPERATE-MONTANE 
BOREAL~ALPINE 
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Species lists for the major floristic elements in the Jasper National Park 


a 
ODS Ta a a peer ee Ee ESTE FSS OER ES RISER LSE 


A. CIRCUMBOREAL ELEMENT 


*Aulacomnium paluetre (Hedw.) Schwaegr. 
Barbula acuta (Brid.)Brid. 


Brachythecium albicans (Hedw.)B.S.G. *kD, 
**Bl curtum Lindb.)Limpr. eyes 
*B, turgidum (C.J.Hartm. )Kindb. Alea 


*B, velutinum (Hedw.)B.S.G. 
*Bryum pseudotriquetrum (Hedw.)Gaertn., 
Meyer&Scherb. 
Bryum turbinatum (Hedw.) Turn. P. 
**Bryum wetgeltt Spreng. 
Buxbaumta aphylla Hedw. 
*Calltergon giganteum (Schimp.)Kindb. 


isd Oe 


C. rtehardsonit (Mitt.)Kindb. ex Warnst. P. 
*C. sarmentosum (Wahlenb.)Kindb. SPs 
*C. stramineum (Brid.)Kindb. ie 


C. trtfarium (Web & Mohr) Kindb. 

Campyltum hispidulum (Brid.)Mitt. 

*C. stellatum (Hedw.)C.Jens. 

*Catoscoptum nigritum (Hedw.)Brid. 

Ctrrtphyllum eirrosum (Schwaegr. ex 
Schultes) Grout 

Climactum dendrotides (Hedw.)Web & Mohr 

Cratoneuron filtiecinum (Hedw. ) Spruce 

Dieranella erispa (Hedw.) Schimp. 

D. subulata (Hedw.)Schimp. 

D. varia (Hedw.)Schimp. 


i 


Nee 
mie 


Sp 


Dieranum bonjeantt ‘De Not. ex Lisa S. 
*D. fusceecens Turn. Ss. 
D. groenlandicum Brida. Ss. 
*Dicranum polysetum Sw. S. 
D. undulatum Brid. 

Distichtum inclinatum (Hedw.)B.S.G. S. 


(B.S.G.)Warnst. Assis 


Drepanocladus exannulatus ‘ 
S. 


D. fluttans (Hedw.)Warnst. 


*D. revolvens (Sw.)Warnst. 

*D. unetnatus (Hedw.)Warnst. Ss 

D. vernieosus (Lindb. ex C.Hartm.) *S, 
Warnst. ZS) 


(Web & Mohr)Warnst. 
Hedw.)Jenn. . fs 


**Helodium blandowtt 
Hygrohypnum lLuridum 
H. molle (Hedw.)Loeske 
Hylocomtum pyrenatcum (Spruce) Lindb. 

*H. esplendens (Hedw.)B.S.G. 
*Hypnum cupressiforme Hedw. 
H. lindbergii Mitt. 

*H, revolutum (Mitt.)Lindb. 

**Ieopterygium pulchellum (Hedw.) Jaeg.& 

Sauerb. 
Meesta longiseta Hedw. 
*M. uliginosa Hedw. 
*Mnium marginatum (With.)P-Beauv. 
*M. spinulosum B.S.G. 
*M. thomsonti Schimp. 
*Oncophorus virens (Hedw.)Brid. 
**0. wahlenbergit Brid. 
Orthothecium echryseum (Schwaegr. ex Schultes) 
B.S.G. 
** Orthotrichum obtustfoltium Brid. 
*0. speciosum Nees ex Sturm 


baie 


£7. 


Platydietya jungermanntotdes 
*Pleuroztium sehrebert 


Pogonatum urntgerum (Hedw.)P.-Beauv. 
Pohltia annotina 


Seorpidium scorptoides 


Seltigerta campy lopoda 
Sphagnum angustifoltum (Russow) C.Jens. 


*Thutdtum abtetinum 


*Tomenthypnum nitens 


*Paludella equarrosa (Hedw.)Brid. 
**Plagitomnium ciltare 


(C.Muell,) Kop. 
drummondit (Bruch. & Schimp.)Kop. 
elliptieum (Laur.) Kop. 

medtum (B.S.G.)Kop. 


Plagtothecium denticulatum (Hedw.)B.S.G. 


laetum B.S.G. 

(Brid.)Crum 
(Sull. & Lesq. ex Sull.)Crum 
(Brid.)Mitt. 


mtnuttsetmum 


(Hedw. ) Lindb. 
atropurpurea (Wahlenb.)H.Lindb. 
eruda (Hedw.)Lindh. 

drummondti (C.Muell.)Andr. 


*Ptilium erista-castrensts {(Hedw.)De Not 
*Pylatsiella polyantha (Hedw.) Grout 
*Rhizonmnium graetie (Steere) Kop. 


pseudopunetatum (Bruch, & Schimp.) Kop. 


Rhyttdiadelphus loreus (Hedw.)Warnst. 


(Hedw.)Warnst. 

(Hedw.)Warnst. 

{Hedw.)Limpr. 
(T.Jens.)Loeske 

Kindb.ex Macoun & Kindb. 


squarrosus 
trtquetrus 


turgescens 


compactum DC.exz Lam. & DC, 
fusecum (Schimp.)Klinggr. 
gtrgensohnit Russ. 
nemoreum Scop. 


Sphagnum riparium Aongst. 


russowtt Warnst. 
sSquarrosum Crome 
warnstorfit Russ. 


Splachnum luteum Hedw. 


rubrum Hedw. 
sphaertcum Hedw. 
vasculosum Hedw. 


*faylorta lingulata (Dicks.)Lindb. 


serrata (Hedw.)B.S.G. 


Tetraphis pelluetda Hedv. 
*Tetraplodon angustatus (Hecw.)B.S.G. 


(Hedw.)B.S.G. 
(Hedw.)B.S.G. 
(Hedw.)Lindb. 
(Hedw.)Loeske 
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Table 3 - Continued 
Chee eee ee ees ate 


A SS AS SSR 


B. WIDESPREAD ELEMENT 


*Amblystegitum serpens (Hedw.)B.S.G. 
Atrichum undulatum (Hedw.) P.Beauv. 
**Barbula convoluta Hedw. 
Barbula fallax Hedw. 
*Brachythecium salebrosum (Web & Mohr)B.S.G. 
*Bryoerythrophyllum recurvirostrum 
(Hedw.) Chen 
**Bryum angustirete Kindb. ex Macoun 
*B. capillare Hedw. 
**Campylium ehrysophyllum (Brid.)J.Lange 
C. polygamum (B.S.G.)C.Jens. 
*Dieranum scoparium Hedw. 
*Drepanocladus aduncus (Hedw.)Warnst. 
*Eurhynchium pulchellum (iiedw.) Jenn. 
*Fissidens osmundoides Hedw. 
*Grimmia alpteola Hedw. 
*G. apocarpa Hedw. 


Gymnostomum recurvitrostrum Hedw. 

*Hedwigia ciliata (Hedw.)P.Beauv. 

Leptodictyum ripartum (Hedw.)Warnst, 

*Philonotis fontana (Hedw.)Brid. 

*Pohlia nutans (Hedw.)Lindb. 

P. wahtlenbergtt (Web & Mohr)Andr, 

Polytrichum commune Hedw. 

*P, juniperinum Hedw. 

P. longisetum Brid. 

*P. piliferum Hedw. 

*P. strictum Brid. 

*Rhacomitrium canescens (Hedw.)Brid, 

R. faseteulare (Hedw.)Brid. 

*R. heterostichum (Hedw.) Brid. 

*fortula ruralis (Hedw.)Gaertn., Meyer & 
Scherb. 


C. ARCTIC-ALPINE ELEMENT 


*Andreaea rupestris Hedw. 

*Aulacomnium turgidum (Wahlenb. ) Schwaegr. 
*Bartramia ithyphylla Brid. 

Blindia acuta (Hedw.)B.S.G. 

Bryum stenotrichum C.Mvell. 

Conostomum tetragonum (Hedw.)Lindb. 
*Desmatodon latifolius (Hedw.) Brid. 
**Dicranum angustum Lindb. 

Dieranum spadiceum Zett. 
**Drepanocladus badius (C.J.Hartm.) Roth 


Dryptodon patens (Hedw.)Brid. 
Grimmta torquata Hornsch. ex Grev. 
Hypnum bambergert Schimp. 

H. calliechroum Funck ex Brid. 

H. hamulosum B.S.G. 

H. procerrimum Mol. 

Kiaerta blytttii (Schimp.)Broth. 


D. BOREAL- 


Aloinia brevirostris (Hook.&Grev.)Kindb. 
*Bryum pallescens Schleich. ex Schwaegr. 
Desmatodon cernuus (Hueb.)B.S.G. 
*Dichodontium pellucidum (Hedw.)Schimp. 
Didymodon rigitdulus Hedw. 
*Distichtum capillaceum (Hedw.)RB.S.G. 
*Ditrichum flextcaule (Schwaegr.)Hampe 
*Encalypta procera Bruch 

*E. rhaptocarpa Schwaegr. 

*E. vulgaris Hedw. 

*Grimmia affinis Hoppe&Hornsch. ex Hornsch. 
G. agassizit (Sull & Lesq..ex Sull.) 

Jaeg. & Sauerb. 


** Gm anodoneebeseGe 


Mielichhoferia macrocarpa (Hook. ex Drumm, ) 
Bruch. & Schimp. ex Jaeg. & Sauerb. 

*Mnium blyttit B.S.G. 

Myurella tenerrima (Brid.)Lindb. 

*Paraleucobryum enerve (Theda. ex C.J.Hartm. ) 
Loeske 

Plagtobryum demissum (Hook.)Lindb. 

*P. zterii (Hedw.)Lindb. 

*Pogonatum alpinum (Hedw.)Roehl. 

*P. dentatum (Brid.)Brid. 

*Polytrichum sexangulare Brid. 

*Rhacomitrium lanuginsum (Hedw.)Brid. 


Stegonta tatifclia (Schwaegr.ex Schultes) 
Vent. ex Broth. 

*Tortula norvegica (Web.)Wahlenb. ex 
Lindb. 


MONTANE ELEMENT 


Grimmta donniana Sm. 
*Grimmta tenerriia Ren.& Card. 
**Leskeella nervosa (Brid.)Loeske 
*Myurella julacea(Schwaegr.)B.S.G. 
**Orthotrichum anomalum Hedw. 
Plagtopus oederiana (Sw.)Limpr. 
*Pseudoleakea radicosa (Mitt.)Macoun & Kindb. 
**Pseudoleskeella teetorum (Funck ex Brid.) 
Kindb. ex Broth. 
*Rhytidium rugosum (Hedw.)Kindb. 
*Saelania glaucescens (Hedw.)Bomanss. 
*Timmia austrtaca Hedw. 
*Tortula mucronifolta 


& Broth. 
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Table 3 - Continued 
Soe a ee ee a ee eee ee 


E. WESTERN NORTH AMERICAN ELEMENT 


A ree ree 


*Brachytheetum collinum (Schleich. ex Metaneckera menziesit (Hook.ex Drumm.) 
C.Mueld.)B..S\.G. Steere 
**Diecranum fragiltfoltum Lindb. Oligotrichum altgerum Mitt. 
*Dieranum muehlenbeckii B.S.G. 0. hereynicum (Hedw.)DC. 
**Pnealypta mutica Hag. Orthotrichum laevigatum Zett. 
Funaria muhlenbergit R.Hedw. ex Turn, Pseudcleskea tneurvata (Hedw.)Loeske 
Grimmtia pulvinata  (Hedw.)Sw. Rhizomnium nudum (Britt. & Williams) Kop. 


Xtaeria faleata (Hedw.)Hag. 


F. ARCTIC-ALPINE MONTANE ELEMENT 


Amphtdium Lappontcum’ (Hedw.)Schimp. *Dieranum acutifolium (Lindb. & Arnell) 
Cynodontium alpestre (Wahlenb.) Milde C. Jens. ex Weinm. 
C. schisti (Web. & Mohr) Lindb. *Dieranum elongatum Schleich. ex Schwaegr. 
*C. strumtiferum (Hedw.)Lindb. *Kiaerta estarket (Web.& Mohr) Haq. 
Desmatodon heimtt (Hedw.)Mitt. *Tortella fragilis (Drumm. )Limpr. 
*Dicranoweisia erispula (Hedw.)Lindb. ex *T. tortuosa (Hedw.)Limpr. 

Milde 


G. MONTANE ELEMENT 


Encalypta affinis R. Hedw. *Orthotrichum alpestre Hornsch.ex B.S.G. 
Encalypta ciliata Hedw. *0O. rupestre Schleich.ex Schwaegr. 
Grimmta atricha C.Muell.&Kindab. ex *Pterigynandrum filiforme Hedw. 

Macoun & Kindb. Rhacomttrium aciculare (Hedw.)Brid. 
*Hypnum vauchert Lesq. Seligeria donntana (Sm.)C.Muell. 


**Nntum artzonteum Amann 


H. WESTERN NORTH AMERICAN ENDEMIC ELEMENT 


Cratoneuron williamsit Grout *Orthotrichum jamesianum Sull. ex James 
**Grimmia ealyptrata Hook. ex Drumm. Polytrichum lyallii (Mitt.)Kindb. 
Homalothectum aeneum (Mitt.)Lawt. Seleropodium obtustfolium (Jaeg. & Sauerb.) 
Oligotrichum parallelum (Mitt. )Kindb. Kindb. ex Macoun & Kindb, 
I. WEEDS 
*Bryum argenteum Hedw. *Ceratodon purpureus (Hedw.)Brid. 
*Bryum caespiticium Hedw. Funarta hygrometrica Hedw. 
*Bryum creberrimum Tayl. *Leptobryum pyriforme (Hedw.)Wils. 
J. OTHER 
Aongstroemia longipes (Somm.)B.S.c. (BOREAL-ALPINE) 
Campylium hallert (Hedw.)Lindb. (ALP INE-MONTANE) 
Desmatodon obtusifolius (Schwaegr.)Schimp. (TEMPERATE-MONTANE) 
Dichelyma faleatum (Hedw.) Myr. {BOREAL-TEMPERATE) 
Enealypta brevicolla (B.S.G.) Bruch. ex Angstr. (ALP INE-MONTANE) 
Fonttinaltis hypnotdes C.J.Hartm. (BORFAL-TEMPERATE) 
**Grimmia tneurva Schwaegr. (ALP INE-MONTANE) 
Hygrohypnum smithit (Sw. ex Lilj.)Broth. (ALPINE-MONTANE) 
Ulota curvifolia (Wahlenb.) Lil}. (LOW-ARCTIC) 


SEE SLE TT a A tai pag ea a eee MeL Rk ek Hes an Pees 
*Species collected during the present study. 
**Species collected during the present study and new to Jasper National Park. 
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are endemic. Another small group of species (4523 ures 
limited to mountain habitats on the continent. Other dis- 
tribution patterns represented in the flora are listed in 
Hable: 52). 

Bird and Hong (1975) examined the phytogeographic 
relationships within the hepatic flora of Alberta and re- 
ported that the largest floristic unit was arctic-boreal, 
alpine-montane. Likewise, Hong and Vitt (1976) observed 
that most of the hepatic species in west-central Alberta 
were widely distributed in the northern portion of the 
northern hemisphere. These results closely parallel those 


described above for Jasper mosses. 
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GRADIENT ANALYSIS 


Introduction 

Data analysis and interpretation in bryophyte 
phytosociology have utilized many of the techniques de- 
veloped for studies of the vascular plant component of 
vegetation. Cain and Sharp (1938), for example, and 
Yarranton (1962) have employed bryophyte association 
tables to exhibit data and infer relationships between 
species and stands. 

Indirect gradient analysis (Whittaker 1967) has 
been an attractive method for those studying bryophyte 
and lichen communities on rock outcrops where gradients 
are not obvious. Foote (1966) utilized the Bray and 
Curtis (1957) technique on outcrops in southern Wisconsin, 
while principal components analysis has been a popular 
method with British ecologists (Bunce 1967, Yarranton 
TOOT a)c. 

Direct gradient analysis (Whittaker 1967) has been 
used infrequently by bryophyte phytosociologists, although 
crude environmental measurements allowed Redfearn (1960) 
to ordinate moss communities along a moisture gradient on 
a Florida rock outcrop, and Hale (1955) used the climax 
adaptation numbers of arboreal species from Curtis and 


McIntosh (1951) to ordinate hardwood stands and establish 


30 


go igay ae ais 

ab acy tou . 
é - Ser 
oy idiesertaae: dele ‘widen ihe a 


gee (f30) veer tend akeytnd 
ae Oe ret Tae) | ‘sag x03 
eaige ete iat conn oes ae § 
a papi bow taal 4 


M4 bbe Tani 
betsy i rprinetee ae 


nage | pert rte. 
Po epherBhts. ae 
ai ; 9 Bh wae rs 


a complex gradient from mesophytic maple-basswood forest 

to dry oak openings. In Hale's study the distribution of 
epiphytic mosses and lichens was then examined along the 

gradient, which had been constructed solely on the basis 

of the arboreal species. 

Where environmental gradients are obvious and veg- 
etation data heterogeneous direct gradient analysis pro- 
vides a proven, reliable method for presentation of ‘stand 
relationships (Whittaker 1973, Whittaker and Gauch BOVS).y 
whereas indirect gradient analysis is subject to increasing 
distortion as floristic differences increase (Beals 1973, 
Gauch 1973a, Gauch and Whittaker 1972). Whittaker and 
Gauch (1973) have suggested that direct and indirect ordin- 
ation can be used to check and complement one another. 

In this study, direct gradient analysis was se- 
lected as the primary means of establishing stand relation- 
ships since the sampling units were drawn from a broad 
spectrum of communities yet were aligned along relatively 
obvious gradients. A Bray and Curtis (1957) ordination 
was performed on 19 of the 30 stands as a check on the 
direct technique and was chosen over the mathematically 
more elegant principal components analysis (also per- 
formed) due to the more pronounced distortive powers of 


the latter (Whittaker and Gauch 1973). 


31 


tcc 
4 Seowee 
rey iyo 


Pate 5 i Pl : ae 
i sie Biel oN 
~ Arse 
ine | yey q 
a 3 cat saan { . 
~otirs mpith 8 9 


Mee. 


Methods 

Direc toordinetion~geh ine the direct gradient eee 
Sis stands were positioned along moisture and elevation 
gradients. Although stands were easily placed along the 
elevation gradient using field measurements of altitude, 
the evaluation of moisture regime was more difficult. 
Dtidazging the indicator species concept of Rowe (1956) 
and Looman (1964) and the methods of Whittaker (L973a)y,oa 
means for computing moisture indices for all stands was 
devised. 

Since the vegetation of the Study area and the en- 
vironmental response patterns of its major vascular plant 
Species were fairly well known, I felt that an estimation 
of stand moisture regime based on the moisture affinities 
of the vascular species would be valid. Each stand was 
assigned a tentative moisture index from 1 to 5 (xeric to 
hydric), where 1 = rock outcrops and grassland, 3 = mesic 
forest communities, and 5 = hydric fens. A moisture index 
was then computed for each Species by averaging the mois~ 
ture indices for all the stands in which the species was 
present. A subjective estimate was made of the moisture 
indices for rarer species (i.e., those recorded in l-few 
stands). The completed list of 150 species moisture in- 
dices (see APPENDIX B) was compared with the results of 


vegetation research in the Study area, then discussed 
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with and modified by several workers having experience in 
the locale (see ACKNOWLEDGEMENTS p.vi) . 

Two methods were then used to determine the compo- 
Site moisture index of a stand. In the first, the mois- 
ture indices of all vascular Species in a stand were aver- 
aged, resulting in an unweighted moisture index. In the 
second, a weighted average was computed by multiplying each 
Species' moisture index by its percent cover, adding these 


for all species and then dividing by total cover. 


indirect ordination. The Bray and Curtis (1957) 
technique utilizes a data matrix of species importance 
values which serve as stand Characters in the computation 
of similarity indices for all Stand pairs. Two different 


Similarity measures were used in this study: 
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where CC is the coefficient of community, and where a and 
Ss. are the number of species present in plots j and k, and 
38 is the number of Species common to both j and k 


(Sgrensen 1948); 


PS(j,k) = -200(w) 
j k 


where PS is percentage similarity, P; is the sum of the 


quantitative measures of the Species in stand j .and PL 
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is the same quantity for stand k, and w is the sum of the 
lesser values for those species common to both j and k | 
(Bray and Curtis 1957). 

Stands were located in two dimensional space on 
the basis of their Similarity to one another using the 
methodology of Cottam, Goff, and Whittaker (1973). Data 
transformations and internal association values were not 
employed in the ordinations (see Whittaker and Gauch MOS) 

All calculations, including Similarity values and 
stand locations along the X and y axes, were accomplished 
using Cornell Ecology Programs 4 (Bray-Curtis Ordination) 
and 5 (Resemblance or Distance Matrix) (Gauch LS/3bD);) and 
were edited for and adapted to the University of Alberta 
IBM 360/67 computer, 

Since many pairs of the 30 stands had zero similar- 
ity values resulting from the wide variety of communities 
sampled, it was decided that only stands whose relation- 
ships to one another were somewhat unclear would be ordin- 
ated. The rock outcrops, montane grassland and sedge fen, 
as well as all alpine communities were thus eliminated from 
the data set to reduce heterogeneity and produce a more in- 
formative ordination. The remaining 19 stands included dry 
and moist forest communities, subalpine heath tundra and 
wooded fens. 

Four ordinations were constructed, first using co- 


efficient of community and percentage similarity on vascular 
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plant data, then on bryophyte data, Experimentation with 
several pairs of end stands indicated that choice of end 
Stands was not crucial to interpretation, 

It is important to note that the data used to rep- 
resent presence and cover of bryophytes in each stand were 
derived solely from the performance of species on the most 
abundant substratum in each Stand. Since other substrata 


may have provided a different set of environmental condi- 


tions within the stand, it was thought that their exclusion 


from the ordinations would reduce noise in the data matrix 
and yield results that better portrayed general stand re- 


lationships. 


Results 

The ordination of stands arising from direct grad- 
lent analysis using unweighted averages of moisture indi- 
ces expressed relationships among stands based on their 
positions along gradients of moisture and elevation (Fig. 
2). Stand composite moisture index values derived from 
weighted averages of species moisture indices produced an 
ordination quite similar to that resulting from the un- 
weighted technique. Therefore, only the results of the 
latter were examined in detail. 

The even distribution of the 30 stands in the or- 
dination indicated that the wide range of conditions along 
both gradients in the study area was well represented. 


There was, however, a blank area evident at 1600m in the 
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Figure 2. 
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Direct ordination of 30 stands in relation to 
elevation and subjective moisture index. Dotted 
lines represent approximate boundaries between 
montane (M), subalpine (S), and alpine (A) zones. 
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hydric portion of the ordination. This gap was due to the 
unavailability of a lower Subalpine wetland for sampling. 
within the study area, and did not detract Significantly 
from the value of the Ordination. 

Based on broad physiognomic and floristic similar- 
ities between stands and on my knowledge of the Study area, 
a rough mosaic diagram of the vegetation of the study area 
was superimposed on the direct ordination Cogs! 3) # tee 
clarified relationships between stands in the overall veg- 
etation mosaic. 

The mosaic diagram suggested that gradients of ele- 
vation and moisture were influential in determining plant 
distributions. Before proceeding further, however, it was 
necessary to test the validity of the direct gradient anal- 
ysis for both vascular plants and bryophytes. 

The Bray-Curtis ordination of stands using coeffic- 
ient of community on vascular plant data (Pig. 4) was util-— 
ized as an objective, visual check on the direct technique. 
The arrangement of stands in this two dimensional ordina- 
tion was related to gradients of moisture and elevation, 
and appeared comparable to the direct ordination, (Fig. 2). 
In both Figures 2 and 4 the fens (Stand nos aw ely, 18) 
were located on the right side, while dry forest stands 
(nos. (9), 45729", 22 and 19) were located on the lett; “high 
altitude stands were clustered at the top and low eleva- 


tion stands at the bottom. 
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Figure 3. 
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Mosaic diagram depicting the pattern of vegetation 
in response to complex gradients of elevation and 
moisture in the Jasper study area. ®*= stands, as 
positioned by direct gradient analysis; A, S, M 
= alpine, subalpine, and montane zones. 
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Indirect, Bray-Curtis ordination of 19 wooded 
stands using understory vascular plant data and 
coefficient of community (CC). xX axis endpoints 
are stand nos. 1 and 18; Y axis endpoints are 
Stand nos. 13 and 25. Vertical lines partition 
stands into groups with similar moisture index; 
horizontal lines partition stands into groups 
with similar elevation. 
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More objectively, the direct ordination was di- 
vided into 3 roughly horizontal rows and 3 vertical col- 
umns (see Fig. 4 and Table 4) and mean elevations and 
moisture indices were calculated for all stands in each 
of the 9 resulting cells. Significant differences in 
elevation corresponded to row location, and Significant 
differences in moisture index were related te column loca- 
fioni (Table 4), 

A more rigorous check of the direct ordination was 
accomplished by correlating distance between 2 stands with 
their coefficient of community. Fifty stand pairs were 
chosen at random, and the product-moment correlation co- 
efficient calculated between interstand distance and co- 
efficient of community using vascular plant data was r = 
-.76 (significant at P<,0.01). Phe) comrelation between 
interstand distance and coefficient of community using 
bryophyte data was also highly significant (r = ~.65, 

Pas OL 001)\, 

I concluded that the direct ordination provided a 

reasonable approximation of Stand relationships for both 


vascular plants and bryophytes, 
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DISTRIBUTION OF BRYOPHYTE ABUNDANCE 


Results 

Before investigating the performance of individual 
species in relation to moisture and elevation gradients, 
it was appropriate to describe the relationship between 
these gradients and the importance of bryophytes in commun- 
ities. Within the study area, bryophyte abundance or im- 
portance, as measured by absolute cover, generally in- 
creased from xeric to hydric conditions along the moisture 
gradient (Fig. 5). This relationship was consistent. for 
all 3 elevational zones of vegetation. Bryophyte cover 
ranged from approximately 1% on some rock outcrops to al-~ 
most 70% in the subalpine spruce-fir forest (stand no. 12). 
Highest cover values were located in montane and subalpine 
Spruce or spruce-fir forests, but the montane sedge fen 
(stand no. 27) also had high absolute cover. The bryophyte 
strata of wooded fens, however, had less cover than mesic 
forests. Alpine communities generally had less well devel- 
oped bryophyte strata than lower elevation communities with 


Similar moisture indices. 


Discussion 
The above results may help to interpret broader 


geographic trends in the importance of bryophytes. The 
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Figure 5. 
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Absolute bryophyte cover in relation to elevation 
and moisture gradients. Numbers are cover classes 
for each of the 30 stands where 1 = less than 1%, 
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Rocky Mountains and other ranges in the western cordillera 
provide an opportunity to examine geographical variation 

in bryophyte ‘cover as it relates to latitude. All 3 vegeta- 
tion zones found at Jasper are present, though at progress- 
ively higher elevations, further south in the Rockies. The 
alpine and subalpine zones extend far to the north of the 
study area. Within each of the zones along the gradient 
there are definite trends in bryophyte cover. 

In the Douglas-fir-dominated upper montane zone of 
Arizona's Santa Catalina Mountains, Whittaker and Niering 
(1965) reported that bryophyte cover reached a maximum of 
1.3%. Montane Douglas-fir forests in Waterton Lakes 
National Park in southwestern Alberta were found to have 
1-5% moss cover (Kuchar 1973). In contrast are the find- 
ings of Stringer and La Roi (1970) for Alberta's Banff and 
Jasper Parks at the northern limit of Rocky Mountain mon- 
tane vegetation, where bryophyte cover in Douglas-fir for~ 
ests averaged 10%. In the present study, I found that 
north-facing mesic forests of white spruce, which are un- 
common in the Jasper montane, had 50% bryophyte cover. 

The subalpine spruce-fir forests of the Santa 
Catalina Mountains of Arizona have poorly developed bryo- 
phyte strata with cover reaching a maximum of 1.3% in the 
most mesic stands (Whittaker and Niering 1965). Further 
north, near Crested Butte, Colorado, Langenheim (1962) des- 


cribed Engelmann spruce-subalpine fir forests in which 
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mosses again played a minor role. In the Medicine Bow 
Mountains of Wyoming, Oosting and Reed (1932) observed 

that moss cover averaged less than 1% in the spruce-fir 
forest type. Bryophytes were likewise unimportant in the 
red fir (Abies magnifica) forests of the Sierra Nevada, where 
Oosting and Billings (1943) have noted "mosses are rather 
rare except in very damp places and occasionally on rotting 
wood and on the bases of trees." In Waterton Lakes Park, 
Alberta, Kuchar (1973) noted that the feathermoss forests 
found farther north in the Rockies were not characteristic 
of the park. However, he did observe stands where absolute 
bryophyte cover reached 603. 

Bryophyte cover seems to increase in subalpine for- 
ests of the Pacific Northwest and in the northern Rockies. 
Higinbotham and Higinbotham (1954) found that brvophytes 
were noticeably abundant in subalpine forests of the west- 
ern slopes of the Cascade Mountains in Washington, and 
Hamet-Ahti (1965) has reported extensive feathermoss wefts 
Of Pleurozium schrebert in the Engelmann spruce - subalpine 
fir forests of Wells Gray Park in interior British Columbia 
west of Jasper. In Banff and Jasper Parks in Alberta, Beil 
(1966) observed that bryophytes represented the best devel- 
oped subordinate stratum in subalpine spruce-fir forest, 
averaging 57% cover. For this reason subalpine forests in 
the Jasper and Banff areas more closely resemble boreal 


forests of white spruce and balsam fir (Abies balsamea), at 
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least physiognomically (see Beil 1966, La Roi and 

Stringer 1976). My results for climax forests in the sub- 
alpine zone of Jasper largely support the work of Beil. 

In the Alsek River region of the Yukon, the white spruce 
forests below timberline are boreal in character and sup- 
port luxuriant bryophyte communities of up to 90% bryophyte 
cover on north-facing slopes (Douglas 1974). 

Mosses and liverworts are usually important consti- 
tuents of spruce-fir forests in the Appalachian Mountains 
of eastern North America. Oosting and Billings (1951) com- 
pared New England spruce-fir forests with those of North 
Carolina and stated that, although important components of 
both forests, bryophytes were apparently less extensive in 
the northern area, 

Although bryophyte synusiae in the alpine zone 
rarely match the high absolute cover values they have in 
the subalpine, geographic trends in abundance are similar 
in these two zones. All.plant ecologists studying alpine 
vegetation in the Canadian Rockies have found bryophytes 
to be numerous and abundant (Beder 1967, Hrapko 1970, 

Broad 1973, ‘Kuchar 1975).  Hrapko (1970) has observed that, 
concomitant with a decline in heath tundra vegetation, 
bryophytes have reduced importance as one travels south in 
the Rockies. Studies of alpine vegetation in the central 
Rocky Mountains conducted by Langenheim (1962) in central 


Colorado, and Johnson and Billings (1962) in Wyoming, both 
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mentioned lichens as community components but conspic- 
uously ignored bryophytes, probably because they were un- 
important. Bamberg and Major (1968) listed several mosses, 
all xerophytes, in tundra communities of the Montana Rock- 
ies, but none of these were abundant. Bliss (1956), con- 
trasting alpine communities in the Medicine Bow Mountains 
of Wyoming with arctic tundra in northern Alaska, found 
that "heath species, lichens and mosses were very important 
in the Arctic but very rare in alpine tundra." Even in the 
high arctic bryophytes assume considerable importance as 
noted by Brassard (1971) for northern Ellesmere Island and 
Vitt and Pakarinen (1972) for Devon Island. 

Thus there is a general trend of increasing bryo- 
phyte cover from the southern end of the cordillera in the 
southwestern U.S. northward to southern Alberta. There is 
probably little further increase in bryophyte cover as one 
moves north from southwestern Alberta. The increase of 
bryophyte cover with increasing latitude 4s probably corre- 
lated with decreasing evapotranspiration rates, a result 
of decreasing temperatures and increasing cloud cover, 
along the gradient. 

The pattern of bryophyte cover in relation to mois- 
ture in Jasper supports an interpretation of latitudinal 
trends in bryophyte cover based on moisture-related factors. 
In all 3 vegetation zones in Jasper bryophytes are most 


abundant in sheltered, north-facing stands where humidity 


; 
= 


—igtoas Jue a3 eehabgone 

re aye oa oake ~scniialinahds 
vhieeeag: Lambe botmbh oben: pene 
aduat asc ee ‘exbatetiao atbeat OSE 
mee . 00K) velete _ semua vote ee oe 
aio fit, aio thakh ate gas pai ntayiorns ecadta-; 
hak 52a mali ad eae absore Baia 

ke ee | 
clos “hed belies aie trap aes. anon 3 

we anasto waMemensameD, spescstion apeReiBaer 
i. owed ieee WOT ceeies > Puseqine, te 
Jbnaket woke a OND ae a sale 

oiat pea bea renest Ma chirae teach © Bey aeaet ould’ c- e- 

cot ab eer ee ees wnty aa’ ‘feats wie: wip. ayern sareoa.@ 
nt oat ApeenPA Madqede ed sony sath 
sii th edi er reoaeh, 24 meant wei eiteid " a : 

| ne sinc at atintes masvemnpdpes est tron, al 
ee cA 
) — ¢ «autem it hata tale pals opnenn ariv bagel, 
irr tone Qukaitett Bee dem seagy etlgertvet: ond | 


Shakaaty) are sie 


) =elee of cmisal wa wd ote. ‘as idivud te) Rressn>G .44T 4 7 
| ft faathe (3264 ip iatdiborasane Hh GSTS: (yeqen) ai mags i 
‘tapenaa on eee == aveibivalge Aivtad TwVOO etatearibed ah, Hoewrde ; 

3 al aeoos mgudasewer (118 Rigg) 


(ers 


om = 


is probably high. Farther south in the Rockies higher 
evapotranspiration rates may cause similar topographic 


positions to be less favorable for bryophyte growth. 
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RESPONSE PATTERNS AND HABITAT METRICS 


Introduction 

The considerable confusion in the literature con- 
cerning the terms "habitat" and "niche" has been recently 
clarified by Whittaker, Levin and Root (2973, 1975), “whose 
interpretation I have adopted. To describe a species re- 
sponse to the full range of biotic and physical environmen- 
tal variables to which it is exposed these authors have 
proposed the term "ecotope", which is the "ultimate evolu- 
tionary context of a species...." and has two components. 
The first, "niche", is the population response of a species 
to the n variables by which species in a community are ad- 
aptively related. In contrast, the "habitat" of a species 
is defined on an intercommunity level, being the population 
response of a species to "Spatially extensive" variables 
such as moisture regime and elevation. 

The habitats of species may be viewed using species 
population response patterns (Whittaker 1967, 1973) which 
graphically display the importance of species at sample 
locations along selected gradients. The range of distribu- 
tion of a species along intercommunity gradients is the 
"habitat breadth" of the species and is roughly synonomous 
with “ecological amplitude", a term used almost exclus- 
ively in plant ecology (e.g. Shimwell 1971, Mueller-Dombois 
and Ellenberg 1974). The degree of mutual occurrence of 


two species along a gradient is referred to as "habitat 
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overlap" and provides information about the similarity of 
species responses along the gradient. 

Although the species response pattern conveys a 
visual representation of the location and Shape of a spe- 
cies' habitat and allows gross comparison of habitats, 
quantitative measures of habitat breadth and overlap may 
assist in the resolution of finer differences. 

Any of the proposed measures of niche breadth may 
be employed to estimate habitat breadth since these two 
entities differ only in spatial context. Levins (1968) in- 


troduced the following as possible niche or habitat met- 


rics: 
Bie ee (1) 
i) 2(P) 
ij 
ey 7 
Bi = EP, ,log(P,.) (2) 


where Bs is habitat breadth, and Pe is the proportion of 
species iin stand j. Both (1) and (2) are really measures 
of heterogeneity of population distribution between stands 
and may be regarded as indices of the probability that an 
individual of a given species will be encountered in a 
given community. Equation (2) has received more extensive 
use in the recent literature (Pielou 1972, Pianka 1973, 
Sabath and Jones 1973, Cody 1974, Heithaus et al. 1975). 


Habitat overlap may be quantified using 


overlap = 100(1-1/22|P;5-P,5|) 
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where Pas equals the abundance of species i in stand j 
(Schoener 1970). Levins (1968) has suggested treating 
overlap as equivalent to the coefficient of competition, 


a, where 


The measurement of habitat breadth and overlap has 
been complicated by severe scaling problems that include 
1) the range of the gradient sampled, 2) the spacing of 
sample units along the resource gradients and 3) the non- 
linearity of the gradient (Colwell and Futuyma 1971). In 
the first case, comparison of habitat breadth measurements 
for the same species in two different sets of gradient sam- 
ples demands that an equal range of variation be sampled 
along each gradient. A species may have an identical hab- 
itat breadth in two areas, but if all sample units are 
taken within the species range on one of the gradients while 
some sample units fall above and below its range as the 
other, different values will result. Secondly, the spacing 
of samples along a gradient may EO bias into habitat 
measurements. Certain sections of an environmental grad- 
ient may be oversampled and the habitat breadths of species 
common to that segment exaggerated. Consider also a third 
case, in which environmental gradients or the responses to 


those gradients are non-linear; under these circumstances 
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even a systematic distribution of sample units along a 
seemingly, but not quite, uniform gradient would bias re- 
sults through oversampling the segment of least variabil- 
ty: 

Colwell and Futuyma (1971) have proposed a meas- 
urement technique that minimizes the scaling problems by 
estimating the distinctness of resource states (i.e. 
stands) in relation to the presence and abundance of the 
Organisms concerned. Weighting factors are developed for 
the resource states based on their distinctness. Thus, a 
stand which is floristically very different from most other 
stands would be assigned a greater weight. The weighting 
factors are used in the modification of the habitat metrics 
to compensate for the 3 problems described above. 

Such a weighting system has obvious utility in 
Studies such as the present one, where equal distinctness 
or similarity of samples is impossible to achieve in the 
field and, consequently, researchers are beginning to make 
use of this valuable technique (e.g. Sabath and Jones 


1973; Heithaus ef ml119 7500. 


Methods 

The method of Colwell and Futuyma (1971) was util- 
ized to measure habitat breadth and overlap. Two kinds of 
habitat metrics were computed using this technique: rela- 
tive measures in which breadth and overlap have the range 


0-1; and absolute measures, which take into account the 
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range of variation covered by stands along the gradients 
and for most situations produce breadth and overlap values 


smaller than the relative measures (see Colwell and Futuyma 


Bs Af ll) PA 
Absolute stand weighting factors were defined by 
Ofer Me) where 
ae 
Kei(log ke = Logez)— *N.. log (N.7/Y.) 
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(Colwell and Futuyma 1971). Mi (4) is the distinctness of 
the jth“stand in the stand matrix, Ni is the cover of 
species i in stand j, x is the total cover for species i 
in the, stand smatrix, and Z is ithe total cover, i.e., sum 
of all species covers in the stand matrix. 


Relative stand weighting factors were defined as 
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Modifying equation (2) by including weighting factors, 


relative habitat breadth was measured by 
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and K is a constant greater than the number of stands. 
Relative overlap between species i and h was computed 


using 
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The expression for absolute habitat breadth is 
identical to that for the relative measures except 55 is 
substituted for all de but the values of Ske and ae are 
calculated using d.- In addition the overlap summation 
must be subtracted from Idj instead of l. 

Circularity in the technique was avoided by remov- 
ing the species whose habitat breadth was being computed 
(or the pair of species whose overlap was being computed) 
from the data set, resulting in the need for a different 
set of weighting factors for each calculation of a habitat 
metric. 

Relative and absolute, circular and non-circular 
habitat metrics were calculated for bryophytes using a 
variety of stand matrices as follows: all stands, rock 
outcrops’ (stand nos. 3,9, LO, 16, 21 and 28), dry stands 
(Stand inos- 1554; 57285 Poy 9, 23; 29), cmezst stands 
(stand nos .16 > cll; 12° 13,0145 20, 245.25. 267,30) ga oub- 
alpine stands, and montane stands. The latter five stand 
groups are selected coenoclines along elevation and mois- 
ture gradients. | 


In all cases weighting factors for stands were 


derived from absolute bryophyte cover. Habitat metrics 
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were computed first using cover data drawn from all quad- 
rats on the most abundant substratum in the stand, which 
was usually humus, rock, or soil. In this case, presence 
and abundance of bryophyte species on other substrata were 
ignored jin the determination of weighting factors... A sec- 
ond series of computations utilized total cover data for 
each stand. 

Meteies were calculated only for species that had 
over 3% cover in a single stand or had a mean cover greater 
than 0.3% cover over all 30 stands. All calculations were 
performed using a FORTRAN IV algorithm, written and gener- 
ously provided by R.K. Colwell,which was modified slightly 
for use on the University of Alberta IBM 360/67 computer. 

Of equal importance to determination of habitat 
metrics was the graphic representaticn of species popula- 
tion response to complex gradients of moisture and eleva- 
tion. Response patterns for each of the more important 
species were constructed by plotting the cover class values 
for the species on the direct ordination (see GRADIENT 
ANAGYS1S, p.30 )). 

Due to the importance of substratum in controlling 
bryophyte distribution, especially in forest communities, 
an ordination of species based on their occurrence on humus, 
rock, or wood was devised (see La Roi and Stringer 1976) 
using data from forested stands only (stand nos. l, 455 
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is a within-community phenomenon, substratum is really a 
niche variable, but since substratum availability varies 
along habitat gradients (e.g. wood is not available above 
tree line) it is important to consider habitats in light 
of available substrata. The total number of quadrats on 
each substratum was determined and the per cent frequency 
of occurrence of each species on each substratum was cal- 
culated. Then, for each species, the percent frequencies 
were added. The proportions of this sum contributed by 
humus, wood, and rock were then plotted as percentages on 
a triangular co-ordinate system. The results provide an 
assessment of bryophyte performance for an important niche 
dimension, substratum, generalized for all forest communi- 
ties. Species on outcrops, in fens, and in the alpine al- 
so exhibited substratum restrictions but since substratum 
diversity was much less in these communities and since I 
had much less data for these communities, no computations 


were made. 


Results 

Relative habitat metrics were always higher than 
corresponding absolute values. Because relationships be- 
tween species were identical using both techniques, and 
Since absolute measures potentially allowed comparison of 
a species performance along different coenoclines, the 


absolute measures were selected for analysis and discussion. 
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I found some differences in circular and non-circu- 
lar metrics for species that were present and abundant in 
only one stand, but since relationships among the majority 
of species were identical for both kinds of metrics I de- 
cided to present only the less ambiguous non-circular val- 
Mes@(see Colwell, andrrutuyma: 1971)... 

Habitat breadth and overlap values computed using 
data from the most abundant substratum per stand were very 
Similar to those based on data from all substrata. This 
result is not surprising since the most abundant substratum 
almost always accounted for over 80% of the stand's ground 
surface, while other substrata were poorly represented. 
Thus, species on the less abundant substrata contributed 
little to stand weights. 

The habitat measurements based on bryophyte data 
from the most abundant substrata were selected for presen- 
tation because these data reflected a narrower range of | 
microenvironmental variation within each stand. Species 
on minor substrata could have been representative of dif- 
ferent microenvironmental conditions and, since the pres- 
ence or absence of additional substrata was not consistent 
between stands, computed stand weights would have had less 
_ precise meaning. 

Overall habitat breadths for each species, as well 
as habitat breadths for each species along selected coeno- 


clines, are presented in Table 5, and overall habitat 
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overlaps are presented in Table 6. 

Examination of species response patterns (Fig. 6-8 
and 10-18) revealed that no 2 species had identical habi- 
tats that exhibited varying degrees of similarity reflected 
by the habitat overlap values in Table 6. [In the overlap 
matrix species were arranged to maximize overlap values 
along the diagonal, with the result that hydrophytes were 
located to uae eas xerophytes to the right. Alpine spe- 
cies were treated separately at the far right due to their 
low overlap with species common at lower elevations. On 
the basis of the overlap matrix and the population response 
patterns, 4 "ecological groups" (Whittaker 1966) of species 
were identified. Species whose habitats or habitat centers 
lie in the montane or subalpine zones were grouped, accord- 
ing to their position along the moisture gradient, as xero- 
phytes, mesophytes, and hydrophytes; alpine species were 
treated as a fourth unit. These ecological groups were 
further subdivided as discussed below. Several of the spe- 
cies mentioned in the ensuing interpretation were too rare 
for calculation of habitat metrics but were characterized 


graphically using population response patterns alone. 


Xerophytic species. Xerophytic species were those 
found on rock outcrops, in grassland or in dry forest. 
They grew on bedrock, erratic boulders, soil, humus, or 


wood. 
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Table 6. Matrix of absolute overall habitat overlap values 


performance on most abundant substrata in all 30 pe en ee ROY ORS Ce Ct eae 


stands in the Jasper study area. 
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Several species were restricted exclusively to rock 
outcrops. Grinmta anodon and Hypnum vauchert (Fig. 6) both dom- 
inated low elevation outcrops but were not found elsewhere. 
This narrow habitat was reflected by low habitat breadths 
for both species.(Table 5). The high degree of overlap be- 
tween these two species (.38) relative to other species 
pairs indicated strong habitat similarity. Orthotrichum 
jamestanum (Fig. 6) was also an outcrop exclusive, possess-~ 
ing a response pattern similar to Grimmta and Hypnum, but was 
less abundant (Plate 2). 

Two common xerophytes, Thutdium abietinum and Rhyttdtum 
rugosum (Fig. 7), were limited to the driest forest ané@ tun- 
dra types where they were sometimes important. Although 
occasional in fissures and crevices on rock outcrops, they 
reached cover values of 3.1% and 0.8%, respectively, in dry 
Douglas-fir forest. It is interesting that while Thutdium 
exhibited a continuous distribution with elevation, Rhytidium 
seemed to be bimodally distributed, with a second region of 
peak abundance in the cushion plant-lichen tundra of the 
low alpine. 

The less abundant members of outcrop communities 
tended to be more widespread in their distribution, extend- 


ing into dry forest on a variety of substrata and having 
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Figure 6. 


MOISTURE INDEX 


Habitats of Orthotrtchum jamestanum, Gritmmta 
anodon, and Hypnum vauchert in relation to 
complex moisture and elevation gradients. Cover 
classes are: 1 = 0-1.0%, 2 = 1.1-5.03, © = stand 
with species absent but included in species 
habitat. 
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Plate 2. Grimmta anodon and Hypnum vauchert on 
a montane rock outcrop (stand no. 3). 
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Figure 7. Habitats of Thutdtum abtetinum and Rhyttdtum 


rugosum in relation to complex moisture and 


elevation gradients. Cover classes are:1 = 0-1.03%, 
2 = 1.1-5.0%, *= stand with species absent but 


included in species habitat. 
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generally greater habitat breadths than the ‘exclusives’. 
Ditrtchum flexicaule, Tortula ruralis and Polytrtchum juntperinum 
(Fig. 8) were rare on rock outcrops, where they grew on 
soil in crevices, but were also found in xeric or even 
mesic forests. The extension of Ditrichum into more mesic 
stands than Jortula was evident from the response patterns 
of these species and correlated with the broader habitat 
(Table 5) of the former. Both species, however, were most 
common on rock and humus in forest stands whereas Poly- 
trtchum was mainly restricted to wood and humus CEU 9 i. 
Three characteristic saxicoles of forest communi- 
ties were Grimmia apocarpa, Hypnum revolutun and Orthotrichum 
laevigatun (Fig. 10), all of which were widely distributed 
on erratic boulders. As was typical for widespread xero~ 
phytes they were never abundant on low elevation outcrops 
although Grimmia and Orthotrichun were present there. Hypnum, 
however, was an important component of higher elevation 
rock outcrop communities. Orthotrichwn laevigatun was one of 
a few species present on all rock outcrops sampled, includ- 


ing the high alpine lichen desert at 2676m. 


Mesophytic species. Species whose response pat- 
terns or pattern centers were located within mesic forest 
or tundra as designated on the mosaic diagram (Fig. 3) were 
considered mesophytic. Since forests provided she nwanese 
Substratum diversity of all sampled communities with rock, 


humus, soil, wood and bark often available for bryophyte 
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Figure 8. 
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Polytrichum juniperinum 
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Habitats of Ditrichum flextcaule, Tortula ruralis, 
and Polytrichum juntperinum in relation to 
complex moisture and elevation gradients. Cover 
classes are: 1 = 0-1.0%, 2 = 1.1-5.0%, 2»= stand 
with species absent but included within species 
habitat. 
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Figure 10. 


Orthotrichum laevigatum 
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Habitats of Grimmia apocarpa, Hypnum revolutum, 
and Orthotrtichum laevitgatum in relation to 
complex moisture and elevation gradients. Cover 
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colonization in the same stand, it was especially important 
to keep bryophyte-substratum relationships in perspective 
when interpreting the response patterns of mesophytes. 

Within the mesophytic group, two sets of species 
were identified: "Ubiquists", characterized by broad hab- 
itats and large response patterns; and “specialists", that 
were confined to specific segments along the gradients and 
had narrow habitats. 

The important ubiquists included the three most 
abundant feathermosses in the study area: Hylocomium spendens, 
Pleurozium schreberi, and Ptilium crista-castrensis (Fig. 11). 

All three had very broad overall habitats, but Hylocomium 
was the most widely distributed species in the study area, 
having an overall habitat breadth of .72. This robust 
weft-former was the most abundant species in the study area 
and was also the leading dominant in 37% of the stands sam- 
pled. Its response pattern clearly indicates that peak 
abundance values were attained in mesic spruce-fir for- 
ests of the subalpine and montane zones where it covered 

as much as 48% of the ground surface. However, it was also 
a major component in alpine dwarf shrub-heath (1.4%) and 
wet sedge tundra (6.4%).  4Hylocomiun was present, although 
quite uncommon, in fen communities where it was usually 
associated with hummocks. I observed it in mixed clumps 
with pronounced hydrophytes like Aulaconntum palustre and 


Sphagnum warnstorfit. Hylocomtwn extended beyond the limits 
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Figure 11. Habitats of Hylocomium splendens, Pleurozium 


schrebert, and Ptilium ecrista-castrensts in 
relation to complex moisture and elevation 
gradients. Cover classes are: 1 = 0-1.03, 2 
BOTH 55 08 (a= Se = Oe, “4 e= V5 1255025 Sa 
-50.0%, ®= stand with species absent but 
included within species habitat. 
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of Pleurozium and Ptiltum not only on the wet side of the 
moisture gradient but on the dry side as well, being 
abundant in montane Douglas-fir forest and in xeric sub- 
alpine forests (e.g. stand no. 19). The broad response 
of this species to the moisture gradient was quantita- 
tively demonstrated by habitat breadth measurements in 
subalpine and montane stands (see Table 5) which were, in 
both cases, greater than corresponding values for Pttl¢twn 
and Pleuroztun. Hylocomium had greater habitat breadth than 
the other feathermosses in relation to altitude as well. 
Pleuroatun schreberi, despite its smaller overall habitat 
(.55), was a widespread species as exhibited by its re- 
SpoOnseupattern (Fag. Ei) ote greatest abundance was 
reached in mesic montane forests which had lower moisture 
indices than stands in which Hylocomium attained peak val- 
ues. Pleuroztum covered 17 to 21% of the ground surface 
in these stands. 

Pttltum erista-castrensits was found in the same stands 
as Pleuroztum, with one exception, but due to its concentra- 
tion of abundance in a few stands Ptiliwn had smaller over- 
all habitat breadth (.51). Although the outlines of the 
response patterns for these two species were nearly ident- 
ical, Ptiliwn attained maximum cover of 10% (stand no. 6) 
and 8% (no. 12) in wet-mesic upper montane and lower sub- 
alpine forests of spruce and fir where #Hylocomium cover was 


also highest. Ptiliwm was an uncommon species in the upper 
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subalpine, even in mesic situations, and was virtually 
absent above timberline. 

In moist forests Hylocomium, Pleurozium and Pttltum 
formed lush, continuous, undulating wefts in which indi- 
viduals of all three species were intermixed (Plate 3). 

In 10 of the 13 stands in which all three feathermoss spe- 
cies occurred, Hylocomium was the leading dominant with 
Pleuroztum second and Ptilitwn third. In two of the stands 
Ptiliwn replaced Pleurozium as the second most important 
species and in one stand Pleuroztun was most abundant with 
Hylocomium second and Ptiliwn third. Within forest commnun-~ 
ities these three species were most commonly associated 
with humus and wood, with occasional occurrences en rock 
(Fig. 9). However, in wet-mesic stands, rotting logs and 
rocks were often covered with feathermosses (Plate 4). 

Unlike the important ubiquists, there were several 
bryophytes that never produced large populations locally, 
although they were widely distributed in the study area. 
These minor ubiquists included three pleurocarpic mosses, 
Drepanoeladus unctnatus, Brachythectum salebrosum and Eurhynehtum 
pulchellum, and one liverwort, Barbilophozta hatcheri (Fig. 12). 

In most stands cover of Drepanocladus unetnatus was 
less than 1% but peak values of up to 5% occurred in mesic 
subalpine pine and spruce-fir forests. In these communi- 
ties Drepanocladus was a component of the 4Aylocomtwn-Pleuroztum- 


Pttlium weft. Despite generally small population sizes this 
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Plate 3. 


Feathermoss carpet in lower montane white 
spruce forest (stand no. 24). 

Hylocomium splendens, Pttltum ertsta-castrensts 
and Pleuroztum schrebert are present. 
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Plate 4, 


Erratic boulder covered by feathermosses, 
mainly Hylocomtum splendens, in montane 
white spruce forest (stand no. 24). 
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Figure 12. Habitats of Barbtlophozta hatchert, Brachythectum 


salebrosum, Drepanocladus unectnatus, and 
Eurhynchtum pulchellum in relation to complex 
moisture and elevation gradients. Cover classes 
ane: P= 0— 022 = ol—5) 02,7 = standiwith 
species. absent but included within species 
habitat. 
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species had the third broadest habitat of all species ex- 
amined (B = .58), and the stands in which it occurred in- 
cluded high alpine lichen desert and montane black spruce 
fen. 

Brachytheetun salebrosum and Eurhynchivm pulchellum had 
broad habitats (Table 5) and showed considerable overlap 
with Drepanocladus although both of the former were generally 
less abundant than the latter. In direct contrast to the 
robust growth form of Drepanocladus, both Brachythectum and 
Eurhynchtum most often grew as threaded forms (Gimingham 
and Birse 1957), loosely twining through the feathermoss 
matrix and rarely producing a continuous, monospecific mat. 

All three of these mosses were relatively important 
in dry stands due to the dramatic reduction of feathermoss 
cover with decreasing moisture index. For example, in 
mesic montane spruce-fir forest (stand no. 6) Hy Locomtum 
splendens was the most abundant species having 34% cover and 
Brachytheetun salebrosum ranked sixth in abundance with 0.1% 
cover, whereas, in dry montane pine forest (stand no. 29) 
Brachythectum was the most important species with 1.4% cover 
and Hylocomtum cover was only 0.6%. 

Barbtlophozia hatehert was another species of broad 
habitat (B = .56) that normally occurred in small popula- 
tions. When only mesic stands were considered this 
liverwort had a habitat breadth of .45 (Table 3) which in- 


dicated comparatively broad response to elevation within 
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this segment of the moisture gradient. It was excluded _ 
from xeric and hydric portions of the moisture gradient 
at lower elevations, but was ubiquitous in the alpine 
zone where it occurred in wet sedge tundra and in high 
alpine lichen desert. 

All four minor ubiquists had very similar sub- 
Stratum affinities and were located near the center of 
the ordination in Figure 9, indicating that there was an 
approximately equal chance of finding any of these species 
in a quadrat on either rock, wood or humus. This con- 
trasts with the performance of the important ubiquists, 
Hylocomium, Pleurozium, and Ptiliwn, that were more restricted 
to humus and wood and could be considered less flexible 
in their substratum relationships. 

Whereas both groups of the ubiquitous mesophytes 
thus far treated were somewhat plastic in their substratum 
affiliations, Dieranum fuscescens and Pohlia nutans (Fig. 13) 
were acrocarpic mosses that readily colonized logs in early 
Stages of decay and were eeny Found ony rock) (Fig .s-9).. 
Above treeline both species inhabited soil and humus in 
tundra communities. Dicranum scopariun was also common in all 
three vegetation zones, but spanned a narrower segment of 
the moisture gradient than D. fuscescens and Pohita nutans. It 
was also more common than the latter 2 species on rock 


(Fig. 9)'. 
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Figure 13. Habitats of Diecranum fuscescens, Pohlia nutans, 


and Dicranum scopartum in relation to complex 
moisture and elevation gradients. Cover classes 


“are: 1 = 0-1.0%, 2 = 1.1-5.0%, e° = stand with 


species absent but included within species 
habitat. 
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Most of the species previously described in this 
section were not Seana restricted by elevation. Sev- 
eral mesophytes did have response patterns strongly tied 
to one segment of the elevational gradient. Four of these 
had their pattern centers in the upper montane or lower 
subalpine zones while three others were strongly associ- 
ated with the middle and upper subalpine zone. 

Rhyttdtadelphus triquetrus (Fig. 14), a humicolous, 
robust feathermoss, reached cover maxima in upper montane 
spruce-fir forest (2.5%) where it was a conspicuous compon= 
ent of the bryophyte weft. It was less abundant in other 
stands and was completely excluded from dry forest communi- 
ties or hydric fens. This restriction in relation to mois- 
ture regime was reflected by the narrow habitat of Rhy ttdia- 
delphus in the montane zone (Bm = .34). When habitat 
breadth was measured for mesic stands, implying elevation 
as the controlling variable, Rhytidiadelphus again had low 
habitat breadth. The narrow range of response for this 
species for both elevation and moisture regime was re- 
flected by low. overall habitat breadth (.33). 

While Rhyttdtadelphus triquetrus was predominantly 
humicolous (Fig. 9), Mntwn sptnulosun, Oncophorus wahlenbergit 
and Dicranum polysetun (Fig. 14) were chiefly xylicolous 
and like many other pioneers on rotting wood all three 
were turfs (Gimingham and Birse 1957). Mntum and Oncophorus 


maintained population sizes too small for calculation of 
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Figure 14, 


INDEX MOISTURE INDEX 


Habitats of Rhyttdtadelphus tritquetrus, 
Oncophorus wahlenbergtt, Mnium sptnulosum, and 
Dteranum polysetum in relation to complex 
moisture and elevation gradients. Cover classes 
eben Ib Wako, Bs Males 0, Oe Cisetevel yan 
Species absent but included within species 
habitat. 
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habitat metrics, but from their response patterns it was 
evident that Mniwn had a slightly broader habitat with 
elevation since it was present in some subalpine stands 
where Oncophorus was not. Dteranun polysetum reached the mid- 
die subalpine zone but was more conspicuous in montane 
pine forests on partly decomposed wood. 

The distribution centers of the second group of 
elevational specialists were located in the subalpine 
zone. Included were 1 leafy liverwort, Barbilophozta lyco- 
podtotdes, and 2 acrocarpic mosses, Dicranum acuttfolium and 
Timnia austriaca (Fig. 15). All three species were humi- 
colous (Fig. 9), had high overlap values with each other 
(Table 6), and had overall habitat breadth values in the 
range .46-.48. In wet-mesic forests the 3 species were 
mixed with one another and the feathermosses in a contin- 
uous carpet over theilforest. floor. 

Barbilophoata lycopoditoides was most successful in wet, 
upper subalpine forests under Engelmann spruce and sub- 
alpine fir where it sometimes covered over 8% of the ground 
surface. It was also an important component of the bryoid 
stratum in subalpine heath tundra (3.6% cover). As well 
as being the largest leafy liverwort in the study area it 
was the only hepatic to attain real significance in any of 
the stands sampled. 

One of the more characteristic bryophytes of the 
subalpine zone was Ttmmnta qustrtaca which, although occasion- 


ally present at lower elevations, became an important 
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Barbilophozia lycopodioides Dicranum acutifolium 
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Figure 15. Habitats of Barbtlophozta lycopodioides, 


Diecranum acuttfoltum, and Ttmmta austrtaca in 
relation to complex moisture and elevation 
gradients. Cover classes are: 1 = 0-1.0%, 2 = 
1.1-5.0%, 3 = 5.1-15.0%, e= stand with species 
absent but included within species habitat. 


member of bryophyte synusiae at elevations between 1530m 
and timberline. In middle subalpine, mesic lodgepole pine 
forests, Timmita reached 4.2% cover and although often less 
abundant, it was extremely widespread within the subalpine 
zone and had a broader habitat in this zone than either 
Barbtlophozta lycopodtoides or Dieranum acutifolitum (Table 5). 
Dieranun.acuttfolium was found at higher elevations 
than either of the preceding species but achieved maximum 
cover of 4% in middle to upper subalpine spruce-fir for- 
ests. It was a minor component of the bryophyte communi- 
ties in these forests, relative to other species, and this 
contrasts with its performance as leading dominant in dwarf 
shrub-heath tundra and in upper subalpine dry forests (i.e. 
Stand no. 19). Its cover in these latter communities, how- 


ever, was only 1-2%. 


Hydrophytic species. Only 4 bryophytes reaching 
peak cover in the fen communities were abundant enough to 
permit discussion of their habitat relationships. All 
four responded minimally to elevation and were present in 
all wooded fens as well as in wet sedge tundra, but they 
were differentially successful in drier stands. Sphagnum 
warnstorfitt, Aulacommtum palustre and Tomenthypnum nttens (Fig. 
16, Plate 5) shared dominance in the montane and subalpine 
wetlands, although the latter two had less cover in wet 


sedge tundra. They were also the dominant bryophytes in 
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Aulacomnium palustre Bryum pseudotriquetrum 
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Sphagnum warnstorfii Tomenthypnum nitens 
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Figure 16. Habitats of Aulacomnium palustre, Bryum 

pseudotriquetrum, Sphagnum warnstorfit, and 
Tomenthypnum nitens in relation to complex 
moisture and elevation gradients. Cover classes 
are: 1 = 0-1.0%, 2 = 1.1-5.0%,!3 = 5.1-15.0%, 4 
= 15.1+25.0%, 5 = 25.1=50.0%, © = stand with 
species absent but included within species 
habitat. 
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Plate 5. 


Sphagnum warnstorfit in wet sedge tundra 
(stand no. 22) near summit of Signal 
Mountain. 
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hydric communities. The fourth widely distributed hydro- 
phyte, Brywn pseudotriquetrum (Fig. 16), never exceeded 13 
cover and was typically scattered throughout fens in small 
clumps or as individual stems. 

The habitat breadth values for these species were 
revealing. Sphagnum warnstorfit was strongly restricted to 
wetlands and had the lowest overall habitat breadth of the 
#7 (2.51). “The divergent) turt, Tomenthypnum nitens, however, 
was abundant in the open montane sedge fen and present in 
some mesic forests, It thus had the second broadest habi- 
tat of any species in the study (.61) largely because it 
was present in the montane sedge fen (stand no. 27) which 
was consistently weighted as the most distinct stand by the 
Colwell and Futuyma (1971) technique. It is interesting 
that in the montane zone, where the sedge fen was included 
in the computation of weighting factors, Tomenthypnum had a 
very high habitat breadth (Bm = .64) exceeding that of 
Aulacomnium palustre (see Table 5). In the subalpine zone 
Aulacommiun had a broader habitat due to its more extensive 
invasion of mesic forests and to the lack of an open fen 
that heavily weighted Tomenthypnum. In both zones Aulacomnitum 
exhibited greater success in upland forests than Tomenthypnum, 
but the latter was more successful in the environment pro- 
vided by the open sedge fen, indicating greater tolerance 


or competitive ability in extreme hydric situations. 
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All of the hydric species presented above were 
usually found growing directly on partially decomposed, 


organic peat. 


Alpine species. A small group of species showed 
strong restriction to the alpine zone. But since only 
five truly alpine communities were sampled, response pat- 
terns and habitat measurements for alpine species were 
less certain than for lower-elevation species. 

Pogonatum alpinum (Fig. 17) was certainly the most 
widespread bryophyte in this group and was collected in 
high alpine lichen desert, low alpine rock outcrop, and 
wet sedge tundra communities apparently spanning the en- 
tire moisture gradient. Like many, but not all, wide- 
Spread species it was never abundant and was typically 
scattered throughout a stand growing as individual stems 
on humus or soil. 

Two other important species, Grimmia calyptrata and 
Rhacomitrium lanugitnosum, were primarily alpine in distribu- 
tion (Fig. 17). G. calyptrata was common on rock outcrops 
and also on erratic boulders in subalpine forest and al- 
pine tundra communities, whereas Rhacomitrium was a boulder- 
field specialist that dominated the high alpine lichen des- 
ert (Plate 6). 

Desmatodon lattfoltus, Polytrichum piltferum, and Rhacomit- 
rium eee (eag 18), grew on humus or mineral soil in 


dry to mesic tundra communities and dry, upper subalpine 
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Figure 17. Habitats of Grimmiacalyptrata, Rhacomttrium 


Lanuginosum, and Pogonatum alpinum in relation 
to complex moisture and elevation gradients. 
Cover classes are: 1 = 0-1.0%, 2 = 1.1-5.0%, 

e = stand with species absent but included 
within species habitat. 
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Plate 6. 


Rhacomttrium lanugtnosum, a dominant species 
of upper alpine boulder fields, is shown here 
on Mount Tekarra (stand no. 28). 
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Habitats of Desmatodon latifoltus, Rhacomttrtum 
canescens and Polytrtchum ptiiferum in relation 
to complex moisture and elevation gradients. 
Cover classes are: 1 = 1=1.0%, 2 = 1.15.08, 

e = stand with species absent but included 


within the species habitat. 
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forests. Polytrichwn was the most wide-ranging of the 3 and 
was found on alpine and subalpine rock outcrops and in 


lichen desert at higher elevations. 


Discussion 

Consistency of species habitats. Although little 
quantitative information is available on bryophyte popula- 
tion response patterns in other regions, it is worthwhile 
to compare the performance of bryophytes in Jasper with 
their performance in community studies undertaken else- 
where. Such a comparison serves to test my results and al- 
so provides information for potential studies on ecologi- 
cal bryophyte geography and, perhaps, ecotypic differentia- 
EON, 

Four important hydrophytes, Sphagnum warnstorfit, 
Tomenthypnum nttens, Aulaconnium palustre and Bryum pseudotrique- 
trum, are associated with wetlands throughout their ranges. 
The first three of these are very important in the Picea 
martana wetlands of Jasper described by Laidlaw (1971). 
Because of the high correlation between the abundance of 
Sphagnum warnstorfit and Tomenthypnum nitens and the nutrient 
levels in wetland communities, both European and North 
American phytosociologists have come to regard these two 
species as indicators of "rich fen" conditions (Martensson 
1956, Perrson and.Sjors 1960, Sjors 1963, Crums19/3, Vict 
and Hamilton 1975). Using soil analyses Laidlaw (1971) 


demonstrated that Picea martana fens in the Jasper vicinity 
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are indeed eutrophic, and diet presences of Sphagnum warnstorfit 
and Tomenthypnum nitens in wetlands sampled in the present 
study suggests that these peatlands are also nutrient-rich. 

The response pattern of the hydrophyte Aulacomtum 
palustre in the study area correlates well with its perform- 
ance in northern Michigan (Crum 1973) and northern Europe 
(Mértensson 1956). Aulacomnium seems less tied to eutrophic 
conditions than Sphagnwn warnstorfit or Tomenthypnun nitens 
(Jeglum 1971) and this fact may account for its ability to 
invade less hydric and perhaps more oligotrophic upland 
communities. 

The feathermoss, HAylocomtum splendens, Pleuroztum schre- 
bert and Ptiliun erista-castrensts, are important constituents 
of mesic forest communities throughout boreal North America 
and Eurasia, although their abundance relative to one an- 
other varies geographically (La Roi and Stringer 1976). My 
habitat breadth results for these three species are in 
agreement with the work of other researchers in the study 
area (Beil 1966, Stringer and La Roi 1970, Hnatiuk 1969, 
Hrapko 1970, Laidlaw 1971). However, in contrast to the 
present findings, both Beil (1966) and Hnatiuk (1969) sug- 
gested that Pleuroztun reached peak abundance in more mesic 
stands than did dAylocomtun. Beder (1967), working in east- 
ern Banff, and Hrapko (1970), on Signal Mountain in Jasper, 
both reported Hylocomtum splendens as abundant in alpine 


dwarf shrub-heath communities. Brassard (1971) has 
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described a dHylocomium splendens community associated with 
dwarf shrub-heath vegetation on Ellesmere Island in eek 
Canadian high arctic. Martensson (1956) said Hylocomtium 
also ranges above timberline in Swedish Lappland while 
Pleuroztum and Ptiltum are largely restricted to forested 
zones. It is noteworthy that Hylocomium is absent above 
timberline in Wells Gray Park in interior British Columbia 
(Ahti and Fagersten 1967). Further, in eastern North Am- 
erican alpine areas, Pleurozgium is common in dwarf shrub- 
heath communities (Bliss 1963, Slack 1971) while Hylocomium 
is rare and Ptilitum absent above timberline. Geographic- 
ally, the ability of the feathermosses to invade alpine 
communities seems to correlate with their performance in 
Subalpine forests. For example, Pleuroztum dominates spruce- 
fir forests in the Adirondack Mountains (Heimburger 1934, 
Slack 1971) and in the White Mountains of New Hampshire 
(Forman 1969) where it also crosses timberline, while 
Hylocomium is most important in the spruce-fir forests of 
the Alberta Rocky Mountains where it is common in the al- 
pine zone. 

Geographic patterns in the relative dominance of 
the 3 feathermosses may be related to climatic or edaphic 
factors. Research in boreal forest communities indicates 
that Pleuroztum dominates feathermoss wefts in humid, mari- 
time climates (Heimburger 1934, Davis 1964, McIntosh and 


Hurley 1964, Hamet-Ahti 1965) while Hylocomiun is more 
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abundant in the forests of dry, continental regions (e.g. 
Douglas 1974, La Roi and Stringer 1976). Ptztltun seems to 
be most successful in areas of extremely high precipita- 
tion and cool temperatures, such as the higher elevation 
forests of the Swan Hills (Achuff 1973) and parts of the 
eastern boreal forest (La Roi and Stringer 1976) . 

However, La Roi (pers. comm.) has suggested that 
the various abundance patterns of the feathermosses, par- 
ticularly Pleurozium and Hylocomiwn, are likely not controlled 
by climate alone, but may be strongly influenced by the 
mineralogy of the substratum. For example, in eastern 
Canada Hylocomtum dominates on nutrient-rich sites while 
Pleuroztum is more abundant on nutrient-poor sites. Nagano 
(1969), however, has demonstrated that although very dif- 
ferent saxicolous bryophyte communities develop on differ- 
ent rock types, communities developing on humus over these 
rock types are very Similar. Nagano's resuits are not sur- 
prising since it is difficult to understand how substratum 
mineralogy would affect plants whose living parts are no 
longer in contact. with the substratum. Unfortunately, since 
acidic rock types are mostly coincident with maritime cli- 
mates in northern North America, climatic and edaphic var- 
iables cannot be separated by examining only geographic 
patterns in feathermoss abundance. 

Since the feathermosses are responding to microen- 


vironmental, rather than macroenvironmental factors, broad 
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geographic correlation does not permit cause-effect state- 
ments to be made. However, large scale patterns in spe- 
cies abundance may give better direction to future studies. 
An experimental approach to the feathermoss question will 
undoubtedly prove rewarding. 

The mesophytic species reported herein as minor 
ubiquists, i.e. Drepanocladus uncinatus, Brachythecium salebrosum 
and Euvhynchiun pulehellum, perform similarly elsewhere. La 
Roi and Stringer (1976) described these species as minor 
components of Ptcea glauca-Abtes balsamea and Picea mariana for- 
ests in the boreal zone and noted their great plasticity 
regarding substratum affinities. Kil'dyushevskii (1965) 
stated that although Drepanocladus is never dominant in sub- 
arctic Siberia it is very common there and has wide "eco- 
logical amplitude". 

Two ubiquitous mesophytes that are restricted to 
rotting wood in the Jasper region, Dtcranum fuscescens and 
Pohlta nutans, have been reported as successional on wood 
in the Bow River drainage, Alberta (Lacusta 1970). The 
former is also common on wood in subalpine forests of 
Wells Gray Park in interior British Columbia where it ex- 
tends beyond timberline on humus or mineral soil (Ahti 
and Fagersten 1967) just as it does on the Maligne Range 
in Jasper Park. 

Many of the species showing restricted elevational 


ranges in this study are similarly limited in other 
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regions. Barbilophozta lycopodioides, for example, reaches peak 
abundance in the upper subalpine zone of the Bow River 
watershed (Bird and Hong 1969) and in subalpine communities 
in Wells Gray Park, British Columbia (Hamet-Ahti 1965). 
Although much has been published concerning the 
ecology of wetland and forest bryophytes in North America, 
xeric habitats such as rock outcrops are poorly known. 
Most of the research on outcrop communities has been done 
by British ecologists (Balme 1953, Yarranton 1962, Bunce 
i967, Yarranton: 196t7a, L967b, f967c, Bates "1975) "in mari— 
time regions. Both the flora and communities described in 
these studies as well as those studies completed in North 
America by Oosting and Anderson (1937), Redfearn (1960) 
and Foote (1966) are quite dissimilar from the rock out- 
crops I sampled. However, results obtained in grassland 
and dry forest communities in Saskatchewan (Looman 1964) 
and in the grasslands of Jasper and Banff National Parks, 
Alberta (Stringer 1971) indicate that Thutdiun abtetinun, 
Tortula ruralis and Polytritchum juntperinum are strongly xero-~ 
phytic in other parts of their ranges. Stringer (1966) 
found that Rhytidium rugosum was abundant in dry montane 
Pseudotstuga menztesti forests in the Alberta Rockies and 
Beder (1967) and Hrapko (1970) demonstrated that Rhyttdium, 
as well as Thuiditum and Tortula ruralts are: associated with 


dry tundra communities in these same mountains. 
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Pogonatum alpinun and Polytrichum piltferum are alpine 
Species in the White Mountains of New Hampshire (Bliss 
1963) and in New York's Adirondacks (Slack Lo 72) and) both 
are reported from the high arctic (Brassard 1971). Another 
alpine species in the study area, R hacomttrtum lanuginosum, is 
apparently a rock-field specialist in many regions 
(Martensson 1956, Brassard 1971) while closely related BR, 
canescens is Roeerr eee) to less exposed tundra communities, 
Hypnum revolutun is widespread in high arctic plant communi-~ 
ties on northern Ellesmere Island (Brassard 1971) much as 
it is above timberline on Signal Mountain (see figure 9). 

Although most species seem to maintain similar sub- 
stratum relationships over their ranges, Dtcranum polysetum 
appears to be a strong exception. La Roi and Stringer 
(1976) reported that this robust turf was most commonly 
found on humus in Picea glauca-Abies balsamea and Picea martana 
forests in the boreal taiga of North America. In the 
Jasper area this species showed pronounced affinity for 
wood. 

Summarizing, it is evident that on the northern 
end of the Maligne Range in Jasper National Park most of 
the more common and important bryophytes respond to mois- 
ture and elevation gradients in a way that is quite similar 
to their performance elsewhere in the world. Although much 
of the literature surveyed presented only scant qualitative 


data, no major contradictions with the habitats and 
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response patterns of species described in the results of 


this study could be found. 


Shapes, oho ss ae eee eion Of habitats. . )Since 
its inception, the technique of gradient analysis has been 
used to demonstrate that populations of vascular plant spe- 
cies distributed along two continuous environmental grad- 
ients usually form binomial solids "any transection of 
which cuts a binomial curve" (Whittaker 1967). As expected, 
the population response patterns of bryophyte species in 
the present study are binomial solids but these are gener- 
ally elliptic in shape. In most cases, the longer axis of 
the ellipse is aligned parallel tothe elevational gradient 
while the short axis corresponds to a segment of the mois- 
ture gradient. Given the ranges of elevational and mois-~- 
ture gradients within the study area, this orientation of 
most species habitats implies that bryophytes are less re- 
sponsive to elevation related factors than to factors 
associated with the complex moisture gradient. Further 
elaboration on this point will be presented in the section 
on beta diversity. 

Another tenet of gradient analysis is the principle 
of species individuality which concerns the distribution 
of species habitats in hyperspace and is based largely on 
the theoretical arguments of Gleason (1926, IR ie) Meee ORNS 
states that along complex gradients species have different 


rather than coincident population maxima, with no two 
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species having identical response patterns (Whittaker 
1973b). Whittaker (1967) has observed that plant species 
evolve toward habitat differentiation through occupation 
of different Beaieioas in the "environmental hyperspace, 
so that plant species are, in general, not competing with 
one another in their population centers". Also, since 
many of the species which occur together in the same com- 
munity are eee eed within it by niche characteristics, 
populations tend not to form distinct boundaries but over- 
lap broadly. Thus the observed pattern of species habi- 
tats is a result of species evolution toward niche and 
habitat differences. 

The principle of species individuality has been 
substantiated by recent research (Curtis and McIntosh 1951, 
Whittaker 1956, 1960, Whittaker and Niering 1965, Beals 
1969) and is supported by the results of this study as 
well. The more important Jasper bryophytes exhibit the 
expected separation of habitat centers and broadly overlap- 
ping distributions in a complex population continuum. [In 
general, species with very similar habitats do not share 
the same substratum in a community, and thus separate on 
niche-related variables. For example, Rhyttdiadelphus 
triquetrus and Oncophorus wahlenbergit have very similar re- 
sponse patterns (Fig. 13) but very different substratum 
relationships. However, there are species with nearly 


identical habitat centers that also grow on the same 
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Substrata such as Hylocomium splendens and Pttlium crista- 
castrensts, Or Sphagnum warnstorfit and Tomenthypnum nitens. 

Several hypotheses may be advanced to account for 
such anomalous, i.e., coincident response patterns. Furst, 
it could be argued that the communities in which species 
with similar habitats co-occur may not be at competitive 
equilibrium, especially if space and resources are not yet 
limiting. This situation is conceivable in early success- 
ional communities such as recently burned forests, fallen 
logs or perhaps erratic boulders, but in stable, climax co 
communities, such as the ones sampled, where bryophytes 
often provide continuous cover, a non-competitive condition 
is unlikely. A second explanation is that species are sep- 
arated in communities by niche variables that I did not 
measure. Subtle, patchy changes in microclimate or nutri- 
ent regime might permit species to gain or lose competitive 
advantage over short distances within the stand or even 
within a quadrat. 

An important question arising from this line of 
thought involves the role of competition in bryophyte com- 
munities. For example, how is it that Hylocomiun splendens, 
Pleurogztum schrebert and Ptiltum crista-castrensis form mixed 
wefts under what appear to be very homogeneous conditions? 
What role does competition play in determining the species 
structure of this feathermoss guild? sWhat life history 


strategies are associated with species growing under such 


AEBS WA ee Son arkesiga % : 
eae des euerayy eae See ieee 
pee Gd ‘eantek a es poenr ee ty ieusay? 
iodseq, bane ghee -sgeblonivey; +3. a itil 
atoege aoice dart L ndisingemos sit oat -tshs badiets pee 
via kt+somos da ced Jon qom wT OS efatided seme 
Th  SOITASESe Bits: adage St a ‘yilstoseas” saat’ 

ae mised s¥hdonog. ai. notigidtacasder * 
sshavgh  erted yadasoss za asua galatnowtoo J 
49? wat in-,oideda atssed Jexaeived nkaeitrt enaiezha"sn'4 
ead erty oy tet jath baila tee Pears esho-ed? “oh: rot eka 


, wettiveus arnt peared susuntnies ahve 


eo oe a 


-¢o8 ate.ankedge samt ky Chtec6l Rs. SENOE aise 
niB 2 dat aol iA yey shui yd ssisicummon ni eee é 
te, “oe-e nae Retain wet eppaeds optattag a sdue : haben} 

hy baeeese S701 2o EER | at Salauct stored tap to paiger ine 


ive io Soets die wheeew Fal hh fiats tees agernevia 
he ae asp g  $eabati 8 inde” 


‘ 


% 


rl u- 


to anki gy (ais pbbvenup ‘dows soa ok Pon 

p27 ory tgayre.. 2: aad ele Ve ‘lox ord aay Loves jAebent an 

acting lige Sythe eet ite fees 32 ee wort ‘\elgneys sot ‘eal a i 
Povg fi Ape pen = aaa cea: AS tne Redenion woot 7 
Rancists lees yrey ed oF Shaqas -isdw sel ea aie 

| eet m7; af ‘eH Lodppedeb enti ‘Ela notes tees pa ots jie ¥ 

tp St eee dean a . uy seduzomteg® ats t0 ‘oantsuwae = 


“Adiw “Seva dooray » 32. acest 


= a 
7 
an | an i a 


packed conditions as opposed to those more commonly found 
on ephemeral, patchy substrata? These kinds of questions 
open doors to experimental studies that are the logical 
consequence of the present research, 

One of the earliest ideas in the development of 
niche theory was that some Species utilize broader seg- 
ments of resource or environmental gradients than do other 
species (MacArthur 1965, Levins 1968, Cody 1974). ~ Cody 
(1974) has observed that "species with broad niches in a 
particular dimension have come to be known as "generalists' 
in that dimension, whereas species with narrower ntiqi2ae 
tion curves are termed 'specialists.'" The same concept 
may be applied to utilization patterns along habitat dimen- 
Sions. 

The results of the present study show that Hy Locomtum 
splendens qualifies as a habitat generalist since it is 
widely distributed along both gradients. In contrast, 
Rhyttdtadelphus triquetrus is relatively more specialized in 
its response to both elevation and moisture and their 
associated variables. Likewise, Aulacomnium palustre is a gen- 
eralist in response to moisture regime when compared to 
Sphagnum warnstorfii although both respond similarly to ele- 
vation. Within some genera there is a tendency for some 
species to be marked habitat specialists and others to be 
more generalized. Grimmta anodon is a specialist on low ele- 


vation rock outcrops while G. apocarpa is widely distributed 
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on erratic boulders in forests and on rock outcrops. Sim- 
ilarly, Orthotrichum jamestanum and Hypnum vaucheri are low out- 
crop specialists whereas their congeners 0. laevigatwn and 

H. revolutum are more widespread. Two liverworts, Barbilo- 
phozta hatchert and B. lycopodioides provide another example of 
this phenomenon; the former is present in all three vege- 
tation zones in a variety of community types while the lat- 
ter is limited to mesic subalpine: forests. 

The concept of 'generalist versus specialist' has 
been discussed, usually in terms of niche variables, by 
MacArthur and Levins (1964, 1967), MacArthur (1965), Pianka 
(1974), Cody (1974). Pianka (1974) observed that although 
generalists are usually more widespread and have more flex-~ 
ible habitat requirements, "more specialized individuals 
are more efficient on their own ground than generalists." 
One might expect, therefore, that bryophyte habitat spec- 
ialists would reach greater abundance in communities than 
do the generalists. 

The Barbilophozta species seem to follow this predic- 
tion since B. hatchert, the most widespread species, is never 
very abundant in communities (usually less than 1% cover), 
despite the fact that it occurs on a wide variety of sub- 
strata, while B. lycopodtoides reaches over 8% cover on humus 
under most favorable conditions. Specialists Grimmta anodon 
and Hypnum vauchert are the most abundant species on the low 


elevation rock outcrops where their generalist congeners 
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are not common. Grimmia apocarpa and Hypnum revolutum are rel- 
atively unimportant in most communities although Aypnum | 
revolutun attains some prominence in high alpine stands. 
No clear abundance patterns can be discerned for the other 
congeneric species pair, Orthotrichun laevigatun and 0. james- 
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SPECIES DIVERSITY 


introduction 

Species diversity may be examined within communi- 
ties as a function of the number of species in the commun- 
ity and the way in which they divide available niche space, 
or between communities as a function of changing species 
composition and abundance along habitat gradients (MacArthur 
1965). Whittaker (1965, 1969, 1972) refers to within-com- 
munity diversity as "alpha diversity" and between community 
diversity as "beta diversity", and further suggests that 
alpha and beta diversities combined for a given geographic 
unit be called "gamma diversity". 

Although the concept of alpha diversity is theoret- 
ically stimulating, its measurement has proven difficult 
and, as a result, researchers have taken divergent ap- 
proaches reflective of varied objectives and the wide array 
of ecological systems under study. Peet (1974) has re- 
viewed the measurement of alpha diversity and, although he 
has offered no panacea, he has clarified relationships be- 
tween diversity indices by explicitly defining three con- 
cepts of diversity. The first, "Species richness", is 
Simply the number of species in a community sample and is 
the "least ambiguous of all diversity terminology". Spe- 


cies richness is inherently dependent on sample size 
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(Gleason 1922). “Equitability" refers to the evenness of 
distribution of species abundance within a community and 
is independent of species richness. Heterogeneity, how- 
ever, measures the functional or apparent number of spe- 
cies in a sample and is thus a composite index of richness 
and equitability. Heterogeneity indices include what have 
become known as "diversity" indices, such as the informa- 
tion : theory formula’ (H* = -tp,log{p,], where H! is hetero- 
geneity and Pi is the proportional abundance of the ith 
species [Shannon and Weaver 1949]) and the inverse of 
Simpson's (1949) index of dominance (c = Z[p,]*, where c 
is a dominance index). Peet (1974) has used the term 
"heterogeneity" to describe these indices, freeing the 
term "diversity" for more general denotation. 

Although heterogeneity measures have been most pop- 
ular in diversity studies, many ecologists such as 
Whittaker (1969), Addicott (1974) and Nicholson and Monk 
(1974) have preferred to utilize separate indices for rich- 
ness and evenness since these concepts are, as Peet has ob- 
served, independent. However, Hill (1973) has demonstrated 
that peices: Simpson's index and the Shannon-Weaver in- 
formation formula are related by a common function, and has 
defined measures of evenness based on this function. Since 
Hill's approach provides a clear relationship between in- 
dices of richness, evenness, and heterogeneity, it has been 


viewed favorably by Peet (1974) and has been adopted for 
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use in the present study. 

Patterns of alpha diversity have been identified 
for many groups of organisms and their explanation has 
been the cause of much speculation. Plant species diver- 
sity has been related to a variety of factors among which 
are environmental rigor (Whittaker 1965, Monk 1967, Nash 
1975), predation (Harper 1969), disturbance (Platt LORS) 5 
island or patch size and degree of isolation (Johnson and 
Raven 1970, Terborgh 1973), succession (Monk 1967, 
Nicholson and Monk 1975, Mellinger and McNaughton 1975, 
tTramer 1975, Bazzaz 1975) and others. In most of these 
studies the diversity of vascular plants has been the sub- 
ject under study, while bryophytes and lichens have been 
largely ignored. Slack (1971), however, completed a study 
of bryophyte species diversity in northern New York State 
in which the relationship between alpha diversity and ele- 
vation was examined. 

In this part of the study I chose to investigate 
patterns of bryophyte alpha diversity in relation to mois- 
ture and elevation gradients. 

As Bratton (1975) has observed, beta diversity, 
the change in species composition per unit gradient, may 
be expressed as a single number or as a function. A single 
index of beta diversity has been suggested by Whittaker 
(1972)% 

BD = Sc/S 
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where Sc is the number of species in a composite sample 

and S is the mean number of species per sample. An alter- 
native beta index is the number of "half changes" which is 
a complex measure of the dissimilarity between the 2 end 
samples on a gradient (see Gauch-1973a for details.) 
Treating beta diversity as a function, however, permits 
examination of non-linear changes in, and the influence of 
specific gradient segments on, species composition (Bratton 
1975). To view beta diversity as a function, Whittaker 
(1972) and Bratton (1975) have suggested the use of simil- 
arity indices such as coefficient of community and percent- 
age Similarity (see GRADIENT ANALYSIS, p.30 ) which may be 
computed and then plotted for stand pairs along any habi- 
tat gradient. 

In plant ecology much attention has been focused 
on the influence of beta diversity on various ordination 
techniques (Austin and Noy-Meir 1971, Gauch 1973a, Gauch 
and Whittaker 1972) but only a few researchers have at- 
tempted to examine other implications. Bratton's (1975) 
study, for example, indicates that different strata or 
synusiae may respond differentially to environmental grad- 
ients, a suggestion that has theoretical and practical im- 
portance. 

Three specific questions concerning beta diversity 
were asked in this study: (i) what are the patterns of 


bryophyte beta diversity along moisture and elevation 
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gradients? (ii) what differences in bryophyte beta diver- 
sity exist between these 2 gradients? and (iii) are there 
important differences between bryophyte and understory vas- 
cular plant beta diversity along moisture and elevation 


gradients? 


Methods 

Alpha diversity. Alpha diversity and evenness were 
examined using the diversity numbers and equitability 
measures presented by Hill (1973). Diversity numbers for 


each stand are defined by: 


a a a) 1/(1~a) 


2 n u 


where Pr is the ratio of the cover of the nth species to 
total cover in the sample and a, which may be any number, 
is the order of diversity number N, (Hier 1973)... “rhus de- 


fined, N, is simply the richness of a stand, Ny is 


0 
exp(-ZP_log(P,,)) and No is 1/(ZP_,7) ; the latter two are 
thus related to Shannon's and Simpson's indices respec- 
tively. 

Evenness, as redefined by Hill is: 


Ep 7 Na/Np: 


where a and b are any order of diversity numbers. 
I calculated diversity numbers for a = 0, l, 2, 3, 


4 and evenness values Eig: E54 1 Eos E43 for bryophytes 
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in all 30 stands. Since the number of substratum types 

per stand was found to be positively correlated with ene 
ness ((see" RESULTS, p.112), it-was thought, that richness, 
evenness and heterogeneity should be examined on the single 
most important substratum in each stand. Cover estimates 
used in the diversity indices were derived from 40 quadrats 
on the dominant substratum of each stand. All species col- 
lected on the dominant substratum in the stand were in- 
cluded in the computation, with species not found in the 


quadrats being assigned a cover value of .01 percent. 


Beta diversity. Based on elevation and subjective 
moisture index, stands were grouped into coenoclines; 
stands of similar moisture regime were classed as eleva- 
tion-related coenoclines; stands of similar elevation were 
called moisture-related coenoclines. These arbitrary 


classes and their constituent stand numbers are listed be- 


low. 


COENOCLINES RELATED TO COMPLEX ELEVATION GRADIENTS 
POCKVOUCCrOps +6341 95 7107 LO, oki ces 
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26,930 


mesic spruce - fir and heath - 6, 12, 14, 20, 30 
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For each coenocline a single index of beta diversity, BD 
(see above) was calculated. 

To examine beta diversity as a function,I measured 
the total change in similarity along a given coenocline 
using an index of similarity between stands. A reference 
stand was chosen for each coenocline and, for all other 
Stands, similarity to the reference stand was plotted 
along an axis representing the variable in question, i.e. 
moisture or elevation. Two similarity curves were drawn 
for each coenocline, one based on bryophyte similarity, 
the other on understory vascular plant similarity. For 
elevation-related coenoclines reference stands were those 
of lowest elevation but for moisture-related coenoclines, 
which tended to have greater beta diversity (at least for 
bryophytes), a reference stand of intermediate moisture 
regime was chosen. Had an end stand been utilized for 
moisture coenoclines, beta functions for both vascular 
plants and bryophytes would have reached 0 only a short 
distance along the gradient, due to the great floristic 
dissimilarity between extreme stands and mesic stands. 
For each coenocline bryophyte and vascular plant curves 


were determined for 2 similarity measures, coefficient 
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of community (CC), which computes similarity treating each 
species equally, regardless of abundance, and percentage 
Similarity (PS) which results in an index weighted by the 
more common species (see GRADIENT ANALYSIS, p. 30). 

The change in similarity per unit elevation was 
determined for all stand pairs in the 4 elevational coeno- 
clines by subtracting the CC or PS value for a stand pair 
from 1.00, then dividing by the elevation difference be- 
tween stands. These values were then plotted along the 


gradients. 


Results 

Alpha diversity. The total number of bryophyte 
species per stand, irrespective of substratum, ranged from 
8 in the montane sedge fen to 33 in subalpine Pinus contorta 
forests (Table 7) and averaged 23.5. Forest communities 
seemed to maintain greater richness than either rock out- 
crops. or fens. This phenomenon was largely attributable 
to the greater structural heterogeneity of forests which, 
in turn, was primarily, due to the darge number of substrata 
available for bryophytes colonization.» in fact, thexprod- 
uct-moment correlation coefficient between bryophyte rich- 
ness and the number of substratum types stand was + .45 
(dif #= 28 isignificants abiip. <i 205). Sincesiy, intent) was 
to view patterns of diversity regarding elevation and 
moisture gradients it was necessary to eliminate the in- 


fluence of substratum number by examining diversity on 
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only the most important, dominant substratum in each stand. 
Fortunately the choice of dominant substratum in all cases 
was easy; in every stand humus or rock and mineral soil 
covered over 80% of the macroplot. 

Richness, heterogeneity and evenness on dominant 
substrata exhibited definite trends with elevation but 
seemed less influenced by moisture regime (Tables 7, 8). 
Richness varied from 7 on mineral soil in the montane 
grassland to 29 on humus and soil in the alpine cushion 
plant-lichen tundra, and showed a very strong, positive 
correlation with elevation (Table 8). This relationship 
was visually demonstrated by plotting richness values on 
the direct ordination of stands (see GRADIENT ANALYSIS, 
p.30 and Fig. 19). Maximum richness occurred in lower 
Alpine communities including Dryas octopetala- dominated 
cushion plant-lichen tundra (stand no. 15) having 29 spe- 
cies, Casstope tetragona-Dryas-dominated dwarf shrub-heath 
(stand no. 20) with 26 species, and wet sedge tundra 
(stand no. 22) with 28 bryophytes. Even the lichen des- 
ert at 2676m could be considered species-rich since 25 
bryophyte species were present there. Environments at the 
extreme end of the moisture gradient had lowest richness 
with 7 species found in montane grassland (stand no. 2) 
and 8 species in the montane sedge fen. The positive cor- 
relation between richness and elevation should be viewed 


only in the context of the range of elevation sampled. 
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Figure 19. Bryophyte species richness on the dominant 


substratum in each stand, plotted with elevation 
and subjective moisture index on the direct 
ordination. 


116 


i 


isaineg ee file ena naerer ° i Wy. nh ’ 


s 
‘ J ’ ? 
if 
Sua 2 

Gu r 

of ~<™ me t ee y 

Rian 
8906; weg ; : 

F a fj S 

3 ad Phas ba ? a on ae 
mart ie Pe ae Pr oles io 

‘ 


2 at ro oe 


Sa 


seg an, io gsuscica ws 


For example, one would not expect the correlation to hold 
at elevations much above 3000m because rock and boulder 
fields eventually give way to snow fields and glaciers. 
Observations I made in Jasper Park indicated that bryo- 
phytes were few and inconspicuous above 3300m, even in 
rocky areas. 

Richness was not significantly correlated with 
subjective moisture index nor was it associated with the 
deviation of subjective moisture index from the mesic 
state of S.M.E. = 93.0 (Table 8). Correlations of richness 
with bryophyte and understory vascular plant cover (cover 
of vascular plants under 1.5m in height) were also exam- 
ined (Table 8). These cover values were thought to pro- 
vide an index of the degree of interference or competition 
for space by bryophytes or vascular plants and thus rela- 
tionships between cover and richness were believed possible. 
The results indicated, though, that for richness no strong 
correlation existed with either understory vascular plant 
Or bryophy te scover. 

Heterogeneity, as measured using Hill's first order 
diversity number (Ni), was positively correlated with ele- 
vation (x, = be 547 odeif ig=a28, sp. < 4i0L)abthoughinotras 
strongly as was richness (Table 8). Neither subjective 
moisture index nor deviation from mesic’ was correlated with 


heterogeneity, nor was there any obvious relationship with 


vascular plant cover. 
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Bi Lis E51 measure of evenness followed both rich- 
ness and evenness in being correlated with elevation c= 
-.58,.d.f. = 28, p < .01) and Showing no relationship ' with 
vascular plant cover. In contrast to the other diversity 
measures, however, evenness was positively correlated with 
subjective moisture index role +.42, p < .05) and bryo- 


phyte cover (x= rig 2 Ait De, <ts 01 Ve 


Beta diversity. From the results of the single 
index measure of beta diversity, BD (Fig. 20), it is evi- 
dent that bryophyte BD values were generally greater for 
the moisture-related coenoclines in the montane, subalpine, 
and alpine zones where they ranged from 3.3 to 5.5, than 
for the elevation~related coenoclines of rock outcrops, 
xeric stands, mesic stands, and fens, where values were 
between 2.4 and 3.3. BD values for understory vascular 
plants were similar to those of the bryophytes along mois- 
ture gradients, but were Slightly higher along elevation 
Gea riKs . 

Highest BD for both bryophytes and understory vas- 
cular plants occurred in the montane zone and may have been 
due to the greater variety of communities sampled therein. 
Specifically, grassland (stand no. 2) and sedge fen (stand 
no. 27) were communities sampled only in the montane zone 
since they were rare or absent at higher elevations. The 
additional species present in these stands and the lack of 


other species common elsewhere in the zone may have been 
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responsible for high montane BD values. This explanation 
emphasizes the fact that beta diversity should be inter- 
preted in view of the ranges of the gradients sampled and, 
consequently, absolute statements about the relative influ- 
ence of different gradients on beta diversity must be 
viewed with some caution. 

The results of the single index measurement of beta 
diversity were supported by the analysis of beta functions. 
However, the latter conveyed more information. Since beta 
functions computed using coefficient of community (CC) and 
percentage Similarity (PS) gave similar results, only find- 
ings based on CC are presented here. 

Along moisture gradients the similarity change from 
a reference stand was very similar for bryophytes and vas- 
cular plants: (hig. 21, 220%." «Beta funcerons. for theser 2 
plant groups tracked each other closely in both the mon- 
tane and subalpine zones. In both zones beta functions 
dropped sharply as the gradient extremes were approached. 

While bryophyte and vascular plant similarities 
were similar for moisture coenoclines, they were often di- 
vergent along elevation gradients (Fig. 23-26). For this 
reason the beta functions for elevation-related coenoclines 
received more thorough scrutiny. 

One way of more closely examining elevation-related 
beta diversity to measure change in similarity per unit 


elevation. The results of this analysis for 4 elevational 
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Bigure, 2. Similarity of stands, to\,a reference stand (no. 
25) along a moisture gradient in the montane 
zone. CC = coefficient of community; squares 
= bryophyte similarity, circles = vascular 
plant similarity. 
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Figure 22. Similarity of stands to a reference stand (no. 
11) along a moisture gradient in the subalpine 
Zone. . CC .=scoettiacuent of community; ~squares 


= bryophyte similarity, circles = vascular 
pdant similarity. 
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Figure 23. 
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Similarity of rock outcrop stands to a reference 
Stand (nos "3) "along an elevation ‘dradrvent. —~CC 

= coefficient of community; squares = bryophyte 
similarity, circles = vascular plant similarity. 
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Figure 24. Similarity of xeric forest and tundra stands to 
a reference stand (no. 4) along an elevation 
gradient. CC = coefficient of community, squares 
= bryophyte similarity, circles = vascular plant 
similarity. 
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Figure 25. 


1200 


20 


os 
1400 L600 1800 2000 2200 2400 2600 


BRE VATSUON: <i) 


Similarity of mesic forest and tundra stands to 


a reference stand (no. 24) along an elevation 
gradient. CC = coefficient of community; squares 
= bryophyte similarity; circles = vascular plant 


Similarity. 
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Figure 26. 
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Similarity of fen stands to a reference stand 
(no. 18) along an elevation gradient. CC = 
coefficient of community; squares = bryophyte 
similarity; circles = vascular plant similarity. 


s2¥eet ale Fhelq Tet hoeey = nsior ss Ore call 


Prete, Sones A oF) Je not 0 cplgtaas: ae 
oe) fas lhe er we vole ws bnols 
na icin’: rit: * eexeibe (yd insmnos, 14 er. ano 


aa 


coenoclines complemented the information generated using 
the total change technique (Fig. 27). | 

For rock outcrops the curve of total change for 
bryophyte CC had markedly less slope than the vascular 
plant curve (Fig. 23). While the highest elevation stand 
had almost 13% bryophyte similarity with the low-elevation 
reference stand, these stands shared no vascular plant 
Species. Change per unit elevation for the rock outcrop 
coenocline was quite similar for bryophytes and vascular 
plants (Fig. 27), but bryophytes showed slightly greater 
change at higher elevations. 

In xeric forest and tundra communities, total 
change in CC was very similar for bryophytes and vascular 
plants until timberline was reached, at which point vascu- 
lar plant similarity to the reference stand dropped to 0, 
while bryophyte similarity remained very high at 453 (Fig. 
24). This phenomenon was reflected by sharp upward change 
in vascular plant CC per unit elevation at higher eleva~ 
EIOnsS (PVg.0.27)5 

For mesic stands dominated by spruce or spruce-fir 
below timberline, and by heaths above timberline, there was 
greater total change in similarity for vascular plants 
(Fig. 25). Bryophytes showed a sharper rate of decrease 
than vascular plants at lower elevations but had greater 
Similarity to the reference stand at higher elevations. 


The change) in CC per unit elevation for both plant. groups 
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Figure 27. 


Change in similarity (coefficient of community) 
per unit elevation for bryophytes (solid lines) 
and vascular plants (broken lines) along 4 
elevation gradients. Change per unit gradient 
is computed for all pairs of adjacent stands by 
subtracting CC from 1.0, then dividing by the 
difference in elevation. 
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correlated"nicely with these trends (Fig. 27). 

In the 4 fen eee analyzed, bryophyte ee 
ilarity to the reference stand decreased more slowly than 
vascular plant similarity (Fig. 26). The change per unit 
gradient was slightly greater for vascular plants than for 
bryophytes throughout this coenocline (Fig. 27). 

The differences in bryophyte and vascular plant 
Similarity for a number of stands composing a coenocline 
were tested statistically using the non-parametric Sign 
Test (Sokal and Rohlf 1969). The results of the Sign Test 
for 7 coenoclines are presented in Table 9. Differences 
in bryophyte and vascular plant similarity on rock outcrops 
were significant when CC was used but not when PS was utii- 
ized. In the xeric forest and tundra coenocline these dif- 
ferences were’ statistically insignificant for both similar- 
ity measures but in mesic stands and in fens these differ- 
ences were highly significant for both similarity indices. 
For moisture-related coenoclines differences in bryophyte 
and vacular plant similarity were not significant except in 
subalpine stands measured by CC where significant differ- 
ences did occur. In all cases of significant difference, 
bryophyte similarity greater than vascular plant similar- 
ity, indicating less bryophyte beta diversity. 

Thus there appeared to be a trend for bryophyte 
communities to have less total change in species composi- 


tion and less change per unit elevation than understory 
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Table. 9.1 Resustes of Sign .Test.(Sokal and, Rohlf,,..1969) .on 
differences between similarity of stands based — 
on bryophyte versus vascular plant data for 6 
coenoclines. 
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vascular plant strata along elevation gradients. This dif- 
ference, which was most evident at higher elevations, ates 
gested that elevation and related factors played a more im- 
portant regulatory role for understory vascular species 
composition than they did for bryophyte species composition. 
Furthermore, for the range of elevation and moisture regime 
sampled in the study, moisture and related factors appeared 
to exert greater influence over bryophyte species composi- 


tion than did elevation and related variables. 


Discussion 

Alphagdiversity. The correlation of total species 
richness per stand with the number of substratum types is 
not unexpected since many researchers have reported a 
strong relationship between alpha diversity and environmen- 
tal heterogeneity. MacArthur and MacArthur (1961) and sub- 
sequent workers (MacArthur 1964, Recher 1969, Tomoff 1974) 
have confirmed that bird species diversity can be predicted 
from the structural complexity of the plant community. 
Abele (1974) found that the number of substrata in benthic 
marine communities is the most important factor regulating 
decapod crustacean richness. 

That the kind of substratum is crucial for bryo- 
phytes is a generalization well documented in the bryo- 
ecological literature (Nagano 1966, Scott LOT = Crum 1973, 
La Roi and Stringer 1976). .Not onky» do various substrata 


provide different textural surfaces of colonization as well 
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as different nutrient regimes, but their shape and size 
may dramatically influence microclimate. The presence of 
rock, rotting wood, or bark in a stand dominated by humus 
increases the range of resources and conditions in the 
stand and permits coexistence of species that use these 
differentially. 

Less common substrata (e.g. rock and wood in for- 

est) form islands whose species richness may be regulated 
by dispersal and extinction rates which are, in turn, re- 
lated to distance to sources of colonists and island size 
(MacArthur and Wilson 1967). Furthermore, rotting wood is 
not only discontinuous in space but is temporally imperman- 
ent as well, providing a location for a successional micro- 
sere within what might be a climax stand (McCullough 1948, 
Lacusta 1970). Environments such as these would likely 
select for "r-strategists", i.e. species with high repro- 
ductive effort (Pianka 1970, Gadgil and Solbrig 1972). 
Thus we may expect many substrata to provide favorable en- 
vironments for species with different reproductive strate- 
gies as well as species with different environmental toler- 
ances and competitive abilities. 

In the present study the strongest correlation of 
species richness, heterogeneity and evenness on dominant 
substrata is with elevation, not with moisture. This re- 
lationship, like so many in community ecology, is open to 


multiple interpretation. It is tempting to speculate that 
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reduced vascular plant competition at higher elevations, 
particularly in the alpine zone, may release niche space 
for utilization by bryophytes. With less litterfall, less 
competition for space and establishment sites, bryophyte 
richness might be expected to increase with reduced vascu- 
lar plant cover. However, there is no correlation of bryo- 
phyte richness with understory vascular plant cover and it 
is not at all clear that vascular plant cover decreases 
continuously with elevation, except within the alpine zone. 
Furthermore, many alpine plants are more similar to bryo- 
phytes in stature and growth form than are the larger, more 
robust herbs and shrubs of lower zones. Thus, interference 
between bryophytes and vascular plants may be more, not 
less, intense in lower alpine tundra communities. 
Undoubtedly one of the reasons for high species 
richness in the alpine zone is increased heterogeneity 
and micropatterning of the ground surface (see Hrapko 1970 
for description). Although I selected only the most homo- 
geneous stands for sampling, some of these exhibited small- 
scale pattern and disturbance which my plots were too large 
to resolve. For example, in Dryas- dominated tundra (stand 
no. 15) frost heaving and solifluction had created a pat- 
tern of bare and vegetated areas and, although I separated 
these on the basis of substratum as soil vs. humus, bits 
of soil were inevitably included in humus samples and vice- 


versa. High richness and heterogeneity in the alpine is 
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undoubtedly attributable, at least in part, *to the nature 
of this micro-pattern and the increased heterogeneity that 
Fesults sfromeat. 

However, the richness increase from mesic montane 
Stands to mesic subalpine stands cannot be attributed to 
heterogeneity. White spruce forests of the montane zone 
(stand nos. 6, 24) support only 11 species each on humus, 
while subalpine Engelmann spruce-subalpine fir forests 
(stand nos. 12, 14, 30), which are virtually identical to 
the montane stands in physiognomy, support between 19 and 
23 species. This dramatic change in richness is difficult 
to explain and data are insufficient to properly analyze 
environmental differences between these stands. Based on 
meteorological datafrom La Roi (unpublished) it is evident 
that the subalpine zone receives more precipitation and 
has lower mean temperatures than the montane. It is doubt- 
ful, however, that the magnitude, per se, of environmental 
factors should influence richness (see! Térborgh 1973)" 
Slobodkin and Sanders (1969) and Colwell (pers. comm.) have 
Suggested that environmental predictability may play a role 
in the regulation of niche breadth and species diversity. 
Under more predictable circumstances species could, theo- 
retically, evolve greater resource specificity although it 
is not exactly clear how this would be accomplished in bry- 
ophytes. One must assume that communities similar to those 


presently found in Jasper have existed long enough to 
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permit evolution of such finely-tuned relationships. 
Measurement of climatic predictability is not possible 
presently since only a few years of climatic data are 
available from the Pyramid-Signal environmental transect. 
Even if such measurement was possible meteorological data 
collected 2m above the ground would not have direct rele- 
vance for bryophytes. 

Very few studies have examined plant species diver- 
Sity along elevational gradients. Whittaker (1966) has 
shown that, in general, tree species richness decreases 
with elevation in the Great Smoky Mountains. Whittaker 
and Niering (1975) have observed a complex pattern of vas- 
cular plant species diversity related to elevation and 
associated changes in precipitation in the Santa Catalina 
Mountains of Arizona. Total vascular plant species diver- 
sity is maximal in the desert grassland of the Santa Cata- 
linas, but diversity patterns for herbs, shrubs and trees 
are quite different. 

On Secretary Island in the temperate Southern 
Hemisphere, Scott (1970) has sampled the ground 
vegetation at several elevations and their data indicate 
that bryophyte richness is high at middle elevations below 
timberline with 26-39 species per stand, and drops above 
cimbenlanestogl9tandt23especieseper ‘standsetslacki(1o7.1),, 
using 5 by 8m quadrats, found a fairly constant number of 


bryophytes, about 20, in stands below timberline but also 
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observed a drop in richness in alpine quadrats. 

The results of Scott (1970) and Slack (1971) con- 
trast with my data, since richness is strongly associated 
with elevation in the Jasper area. One might speculate that 
an island effect is responsible for low richness in the 
Adirondack alpine. Alpine conditions and vegetation are 
limited to only a few of the highest Adirondack summits and 
the nearest source of colonists is the White Mountain Range 
of New Hampshire, over 240km away. The low migration rates 
and high extinction rates hypothesized for small, isolated 
islands might be in effect in the high Adirondacks , and it 
may be that many specialized arctic-alpine bryophytes have 
either not reached these mountains or have become extinct 
there. In the Canadian Rocky Mountains the alpine zone is 
extensive and virtually continuous with the arctic, and 
there is a large number of arctic-alpine species in the 
flora (sGeeqTable 2) - Lb ets spossible then, that. low: zich= 
ness in the Adirondack alpine is a: result of insular bioge- 
ography. 

The positive correlation between evenness (E,,) and 
bryophyte cover is a'second relationship of interest. Since 
bryophyte cover is generally greater in stands with high 
subjective moisture index, it is not surprising that even- 
ness is also positively correlated with moisture regime. 

The high evenness of stands having high bryophyte cover and 


high moisture indices results from the shared dominance of 
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several specieS. For example, in spruce or spruce-fir for- 
ests, where cover and evenness are high, the dominant spe- 
cies are Hylocomtum splendens, Pleurozium schrebert and 
Pttltum ecrista-castrensis. In contrast, communities with 
low evenness have dominance concentrated in one or two spe- 
cies (e.g. Rhacomttrtum Lanugtnosum—dominated lichen desert). 
Whittaker (1965) has implied that communities exist- 
ing under rigorous or severe conditions exhibit low evenness, 
while those under more "favorable" conditions have greater 
equitability. Although Whittaker's rationale for this trend 
is not clear, many studies have indicated that communities 
in which resources are limiting show greater dominance than 
those in which species populations are not intensely com- 
peting for resources. For example, predation by starfish on 
sessile crustacean communities maintains high species diver- 
sity by preventing dominance by one species (Paine 1969, 
To7t) The evenness of protozoan communities within pitcher 
plants is increased through predation by mosquito larvae 
(Addicott 1974). Predation on pasture plants by herbivores 
increases the richness and evenness of pasture communities 
(Harper 1969), and Platt (1975) has shown that equitability 
is increased by disturbance of grasslands by gophers. Corns 
and La Roi (1976) have described forest communities that 
showed increased evenness after removal of the tree canopy 
by clearcutting. In all the above cases, perturbation main- 
tains high evenness by preventing the achievement of competi- 


tive equilibrium. Pata collected by La Roi (pers. comm.) 
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indicate that boreal spruce-fir stands in stressed or re- 
source-limited situations exhibit low evenness compared to 
other stands. Nash (1975) has shown that under extreme pol- 
lution stress lichen communities exhibit reduced evenness 
compared to natural situations. In the only other study of 
bryophyte community structure besides the present one, Slack 
(1971) has also reported strong dominance associated with 
low bryophyte cover in stands at Kenrose Preserve, near 
Albany, New York. 

One hypothesis to account for greater dominance in 
severe environments or under intense competition is that 
dominance is best expressed where one or a few factors are 
strongly limiting, allowing only one or a few species to 
gain a strong competitive advantage. In communities where 
many factors play a limiting role or where recurrent distur- 
bance is a factor, evenness may be higher, 

The actual mechanisms controlling bryophyte species 
structure have not yet been examined. In dry stands, small 
locations that collect moisture or are less exposed to des- 
sication may serve as establishment microsites for bryo- 
phytes. Intense competition for such microsites may result 
in strong dominance by one species. Once establishment is 
achieved, however, competition would be reduced. In mesic 
stands competition for establishment sites might be impor- 
tant, butecomperition for space, arter establishment might 
also be critical. Species that were successful in getting 


established might lose ground to species better adapted to 
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growth in crowded conditions. 

Harper (1969) has noted that many factors interact 
to influence species structure and, without doubt, factors 
other than the ones mentioned above affect the species 
structure of bryophyte communities. For example, competi- 
tion with lichens may also shape bryophyte evenness. Since 
bryophytes and lichens have similar stature, water relations, 
and substratum affinities, it could be argued that both 
groups belong to the same guild and, hence, species struc- 
ture should be examined for both groups together. 

I have not commented extensively on the relationship of 
heterogeneity to moisture and elevation gradients, primarily 
because this measure of diversity (Ny) showed no special or 
unusual response or trend of its own when correlated with 
the investigated variatles. Rather it seemed to behave in a 
manner intermediate between richness and evenness, indica- 
ting that as a single index it is less informative than the 
other two. This conclusion supports the views of Whittaker 
(1965), Addicott (1974), and Nicholson and Monk (1974) who 
preferred to utilize separate indices for richness and even- 
ness. 

Beta diversity. The only other study of bryophyte 
beta diversity of which I am aware is that of Slack (1971). 
By analyzing the distribution of the bryoflora of New York 
State using multiple regression, she found that range of 


elevation within equal-sized quadrants of the state 
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accounted for much of the variability in flora size between 
quadrants. Analysis of data collected along transects in 
the Adirondack Mountains and at Kenrose Preserve near 
Albany, N.Y., demonstrated that elevation exerts influence 
over the distribution of bryophyte species and, therefore, 
beta diversity. 

The present study also shows that mosses and liver- 
worts respond to elevation, with some species quite re- 
stricted in their distribution along the gradient. However, 
I have shown that bryophytes in the study area are even 
more sensitive to complex moisture gradients which support 
coenoclines of higher beta diversity than elevational grad- 
ients, at least over the range of environmental variation 
sampled. Thus; one: is more likely toifind floristically 
Similar communities at the far ends of an elevational grad- 
ient than at the far ends of a moisture gradient. Slack 
(1971) did not examine bryophyte distribution along a topo- 
graphical or moisture gradient, so it is not possible to 
compare the influence of moisture in the Adirondacks with 
the Rocky Mountains. It is probable, though, that the 
high richness Slack reported for Mountainous areas in New 
York is not only a function of beta diversity along eleva- 
tional gradients, but also of beta diversity along complex 
moisture gradients which are more pronounced in mountainous 


country than in lowland terrain, due to slope and aspect 


effects. 
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Plant strata may respond differentially to habitat 
gradients. For example, Bratton (1975) found that beta 
diversity in the overstory of Smoky Mountain beech forests 
differed in magnitude with, and did not parallel, under- 
story beta diversity. Cajander (1926) and Heimburger (19 
(1934) have described situations in which several kinds of 
understory types are associated with a single overstory 
type, implying that understory species are sensitive to 
factors which do not seriously influence overstory compo- 
sition. Since trees and understory species within the same 
stand have such different environments the results of these 
studies are not surprising. In comparing beta diversity of 
understory vascular plant species and bryophytes, however, 
one might expect these two groups to have similar patterns 
Since both inhabit the same overstory-modified environment. 
In the present study, it has been shown that these two com- 
ponents have similar beta functions for complex moisture 
gradients, although there are differences that a smaller 
scale study might better elucidate. There are significant 
differences, however, between bryophyte and understory vas- 
cular plant beta diversity along elevation gradients. Sev- 
eral explanations may be invoked to account for the differ- 
ential response of bryophytes and vascular plants to ele- 
vation. 

A first hypothesis is that microenvironmental vari- 


ation along the gradient is responsible. Although herbs, 
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shrubs, and bryophytes share the same moderated environ- 
ment in forests at lower elevations the subordinate vas- 
cular strate become exposed to direct solar radiation and 
dessicating winds above timberline, while bryophytes re- 
main somewhat protected under the mantle of dwarf shrubs, 
herbs and cushion plants. For bryophytes the microenviron- 
ments of a heath or cushion plant tundra community may not 
differ greatly from those of a subalpine forest, and many 
moss species are common to both stands. In contrast, rapid 
changes in environment across treeline might be correlated 
with significant changes in shrub and herb species composi-~ 
tion. In support of this hypothesis, the coenoclines for 
mesic and xeric forest and tundra show highest rate of 
change in vascular plant species composition per unit grad- 
ient at higher elevations (Fig. 27). Beta diversity on 
rock outcrops, where bryophytes and vascular plants are 
both exposed to the full rigors of the environment, is sim- 
PHLar} for) bothsplant.groups) (Pig. 27)).\ Thisncomparison, sug-= 
gests that, when subjected to the same magnitude of envir- 
onmental change, species composition changes in these 
groups are Similar. 

The above hypothesis, however, does not account for 
all the observed differences between bryophyte and vascular 
plant beta diversity. For 3 of the 4 elevational coeno- 
clines studied, bryophyte beta diversity is lower than vas- 


cular plant beta diversity at lower elevations where canopy 
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cover -is “continuous “(Fig.® 2426, 27). 

One may hypothesize that bryophytes, in general, 
have broader tolerances to elevational gradients than do 
vascular plants. Thus, bryophytes would not divide ele- 
vational habitat space as finely as vascular plants. 

Broad tolerance to elevation-related factors could result 
from either phenotypic plasticity or from ecotypic differ- 
entiation, but little is known of bryophyte population 
biology or population genetics. Most bryologists seem con- 
vinced that mosses are a static, slowly evolving group in 
which genotypes are well established (Crum 1966). Others, 
such as Longton (1974), have suggested that ecotypic dif- 
ferentiation does occur. Bazzaz, Paolillo and Jagels 
(1970) have demonstrated differences in light saturation, 
apparent photosynthesis and C0. response for alpine and 
forest populations of Polytrichun juniperinum. Boerner and 
Forman (1975), however, found that populations of several 
species from salt spray and dune habitats showed insignif- 
icant differences in salt spray tolerance, indicating that 
little ecotypic differentiation had taken place. Whether 
or not elevationally wide-ranging species in the Jasper 
area, such as Hylocomtium splendens, Tortula ruralis, Drepanocladus 
unetnatus or Orthotrichum laevigatum, have undergone genecologi- 


cal differentiation is a fascinating question that needs 


attention. 
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Setting aside this guestion, there are some consid- 
erations that lend support to the notion that mosses ae 
in fact, have broad tolerances to elevation-related factors. 
Dilks and Proctor (1975) found that many mosses maintain 
net photosynthesis over a wide range of temperatures and 
that northern and montane species do not differ substanti- 
ally from temperate species in net assimilation in response 
to temperature. They also observed that bryophytes are 
protected from intracellular freezing by the withdrawal of 
water to form extracellular ice. In addition to what seems 
to be inherent cold-hardiness, bryophytes have not evolved 
a dormancy mechanism in which life processes are reduced 
pericdically for protracted periods. Bryophytes photosyn- 
thesize whenever environmental conditions permit. Thus, 
"growing season", which we view as decreasing with eleva- 
tion, may have less meaning for them than for vascular 
plants. 

The differential patterns of bryophyte and vascular 
plant beta diversity with elevation may arise from both 
microclimate modification by vascular plant strata and 
broader tolerance of bryophytes to certain variables. The 
former explanation is almost certainly true while the lat- 


ter awaits further critical testing. 
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Comparison of Alpha and Beta Diversity Trends 


While bryophyte beta diversity is greatest along 
moisture gradients in the study area, species richness on 
dominant substrata is most strongly related to elevation. 
A closer relationship between richness and beta diversity 
might have been expected since factors that influence 
Species composition should also be capable of altering the 
number of species in a community. Species richness does 
not change significantly in response to moisture regime, 
except at the extremes, but beta diversity is quite high 
along the moisture gradient. In contrast, richness in- 
creases with elevation where beta diversity is low. 

Apparently there is a "core" of ubiquitous species 
such as Hylocomtun splendens, Polytrichun juntperinum, and Drepano- 
eladus unetnatus, that have wide habitats with elevation. [In 
the subalpine and alpine zones additional species of more 
limited distribution, like Barbilophozta lycopodioides and 
Dtecranum acuttfoltum, are added, increasing richness. Thus, 
while species composition exhibits only small change, 


richness increases with elevation. 
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INTEGRATION 


The.role of descriptive ecology is to organize, 
quantify, and synthesize field observations and present 
the results as specific questions or hypotheses in need 
of solution or testing. Because of his intimate familiar- 
ity with the organisms he studies, the descriptive ecolo- 
gist often has the ability to point out specific ecologi- 
cal systems and species that may be specially valuable in 
testing certain hypotheses. For these reasons the descrip- 
tive ecologist serves as a link between purely descriptive 
natural history and experimental ecology. In this section 
I will describe broad areas of bryophyte ecology that re- 
quite future research, and identify specific ecological 
questions that have arisen directly from the present study. 

There is a need for more descriptive work in bryo- 
phyte ecology, but such research should be oriented toward 
specific problems. In the western cordillera, for example, 
the latitudinal trends in bryophyte importance and flora 
size merit further study. Is the trend in bryophyte impor- 
tance closely tied to moisture related factors, as I have 
suggested? 

More studies like the present one are needed to 
examine the relative roles of moisture and elevation in 


regulating beta diversity. Specifically, do moisture 
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gradients affect bryophyte beta diversity in maritime cli- 
mates as dramatically as they do in the continental Jasper 
area? Although Slack (1971) presented no data on bryo- 
phyte-moisture relationships, she implied that elevation 
was a more important factor in controlling the number of 
Species in an area. The fact that she was working in a 
sub-maritime climate may be significant. In such a wet, 
humid area, conditions as dry as those found at Jasper 
probably do not exist. Thus we might expect reduced beta 
diversity in maritime areas. 

Future bryophyte-oriented, descriptive research 
should examine patterns of species richness with elevation. 
Is the increase in richness with elevation consistent in 
other areas of the western cordillera? If so, why does 
the pattern contrast with the Slack's (1971) results in 
eastern North America? 

High priority should be given to experimental stud- 
ies in bryophyte ecology. My study has shown that moss 
species respond to complex gradients of moisture and ele- 
vation. In essence, each bryophyte's habitat, as described 
in Figures 5-17, represents an hypothesis. The species 
response patterns can act as a guide to experimental work 
aimed at determining the direct factors influencing bryo- 
phyte distribution. Both physical and biotic factors, in- 
cluding competition, require scrutiny. The hypothesis that 


broad bryophyte habitats in relation to elevation may 
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result from broad tolerance, with or without ecotypic dit= 
ferentiation, to elevation-related factors, rather than 
microenvironmental modification by vascular plants, pre- 
sents a difficult eco-physiological problem. 

An area of current interest in population biology 
involves reproductive strategies, and mosses may provide 
a good system for studying resource allocation to reproduc- 
tive and non-reproductive functions. Bryophytes grow ina 
variety of environments including ephemeral or patchy hab- 
itats like rotting wood and erratic boulders where density- 
dependent mortality would be low; and packed, stable habi- 
tats like forst humus, where density-dependent morality 
might be higher. Thus an "r-K selection continuum" (Pianka 
1966) could be identified for bryophytes. Resource allo- 
cation might be more easily studied in bryophytes than in 
vascular plants, since the former lack roots. Species 
pairs in the genera Déeranun, Mnium, Grimnia, Orthotrichum, and 
Barbtlophosata (see RESPONSE PATTERNS AND HABITAT METRICS, 

p. 49 ) would provide excellent systems for comparative 
studies of reproductive strategies. 

The coexistence of bryophytes under apparently 
homogeneous conditions is a situation somewhat analogous to 
Hutchinson's (1961) "paradox of the plankton." The ability 
Of Hylocomium splendens, Pleuroztum schrebert, and Ptiltun erista- 
castrensis to inhabit the same communities over much of their 


ranges defies simple explanation. In Jasper, the humus 
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guild at higher elevations packs more species than at lower 
elevations. Why is there a difference? What role Aeees 
competition play in these moss communities? Is small-scale 
environmental heterogeneity involved, or do niche dimen- 
sions I did not measure enable species to avoid competitive 
exclusion? 

This study has shown that a descriptive analysis 
of bryophyte distribution patterns in relation to complex 
gradients can provide information on species habitats and 
elucidate patterns of community variables, including spe- 
cies diversity. Many question and ideas have arisen from 
the study and some of these have been outlined above. 
Research on these tantalizing questions and hypotheses is 


one natural consequence of this study. 
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APPENDIX B. List of vascular plant species and their sub- 


jective moisture indices for 30 stands in 


Jasper National Park*, 


Polypodiaceae 
Cystopteris fragitits (L.) Bernh. 
Equisetaceae 


Equtsetum arvense UL. 
EZ. pratense Ehrl. 

E. setrpotdes Mich. 
E. sylvatteum L. 


Lycopodiaceae 


Lycopodtum annotinum UL. 
L. setago \. 
L. sttehense Rupr. 


Sellaginellaceae 
Selaginella densa Rydb. 
Pinaceae 


Abies lastocarpa (Hook.) Nutt. 

Juntperus communts lL. 

J. horizontalts Moench 

Picea engelmanntt Parry 

P. glauea (Moench) Voss 

Po martondg (Mill.): (BSP. 

Pinus albtecaults Engelm. 

P. contorta Loundon var. lattfolta Engelm. 
Pseudotsuga menatestt (Mirb.) Franco 


Gramineae 


Agropyron dasytachyum (Hook.) Scribn. 
A. lattglume (Scribn. & Smith) Rydb. 
Aretagrostis arundinacea (Trin.) Beal 
Calamagrostts canadensts (Mich.) Beauv. 
C. montanensts Scribn. 

C. purpurescens R.Br. 

Deschampsta caespttosa (L.) Beauv. 
Elymus innovatus Beal 


NOWNBN WED W 
« 
oowmomnooou 


NVWPEPHE SP RBH 
OnNodcToOuUWMNS 


TAL 


= 


ae a.oe re Cu & 


oad 
ai ebaste OL 262! seoibut osudatom wat 


4 


« 


~~ = o> 


iA f oe 
, : iY ry 
' : ; vs 
: cr 
Se ia SS | 2 
2 ; : wk 
yee oy = fa , a «ee 
: Reve 7 ; eG 
ar 
» a Ps e* reat hos 


soils ‘bite eskeens sngity etic ig apt. 's . 


ne Lanotanl ean: 


' 
a ; si. . Voie 
, rer F ws piso ttre 
> Peal ee > he of 5 


. zed ut resents 
” i hte | i ‘ 
Wa P's ee 
§ . De ‘ we te 
— ; 
Pat 
l 
err bs Avett} ih weenie 
c i" 
| ASIC «bls mON-eed oa 
A a b. ‘4 Addon . ove .t, @ . 
, 4 © age 0 CEL) separa 2 Fe 
onileuas e?3xunl43 6 sinaS 
zt miane® orto est). sev aebowes gAtctnsse |, Se | 


sen ws 


wecasl (.cdeth) 4 tenoenem HQue rouse om 


= 
‘ ~~ - ay . es ire 


= a 7 
oi © 


© gkape (loan) sdgehas deal souvent 
aoa, Uirdes se ) nahtge) ergs 


{eqe -(, a12T), ® Cen a0 ne e, 
vine ore a skies and con 


ee ait * 


7 = amt 
ned th) ~eA 
eo 


Festuca baffinensts Polunin 

F. brachyphylta Schultes 
Glycerta striata (Lam.) Hitche. 
Hierochloe alpina (Sw.) R.&S. 
Keeteria ‘erverata ({h.) Pers. 
Phleum alptnum L. 

Poa alpina L. 

Po tOne TRC sR Bit. 

Be GC LOUGH T aL soCcrabn.  & Will. 
PB. intertor Rydb. 

Trtsetum spteatum (L.) Richt. 


Cyperaceae 


Carex aquattits Wahlenb. 
atrosquama Mack. 
brunnescens. (Pers:) Poir. 
conctnna R.Br. 

dtandra Schrank 

disperma Newey 
drummondtana Dewey 
gynoerates Wormsk. 
nigrtcans C.A.Meyer 
phaeocephala Piper 
rostrata Stokes 
setrpotdea Michx. 

. spectabilis Dewey 
Eriophorum angusttfoltum Honckeny 
E. braechyantherum Trautr. 

E. scheuchzert Hoppe 
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Juncaceae 


Juncus castaneus Sm. 

J. mertenstanus Bong. 
bezuta epreatae (L,) DsC. 
L. wahlenbergtt Rupr. 


Liliaceae 


Allium cernuum Roth 

Smtlacina trtfoltia (L.) Desf. 
Streptopus amplextfolius (L.) DC. 
Tofteldia pustlla{Michx. ) Pers. 
Zygadenus elegans Pursh. 


Orchidaceae 


Calypso bulbosa (L.) Oakes 
Corallorhiza trifida Chatelain 
Goodyera repens (L.) R.Br. 
Habenarta hyperborea (L.) R.Br. 
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Habenarta obtusata (Pursh.) Ri 
Orehts rotundtfolta Banks 


Salicaceae 


Populus balsamifera L. 
P. tremulotdes Michx. 

Saltz’ arctica Pall. 

S. barklayt Anderss. 

S. barratttana Hook. 

&. Debbtanka Sarg. 

oS. oLauea lL. 

S. macealltana Rowlee 
S. myrttlltfolta Anderss. 
Se nivalte Hook. ae 
oO. vesttta Pursh. 


Betulaceae 


Pinus: crvuspg.. (Ait.) sPursn. 
Ae tenuLro.7o. Natt. 

Betula papyrtfera Marsh. 

B. glandulifera (Regel) Butler 
Santalaceae 

Geocaulon ltvtdum (Richards.) 
Loranthaceae 

Arceuthobtum amertcanum Nutt. 
Polygonaceae 

Polygonum vivtparum L. 
Portulacaceae 

Claytonta lanceolata Pursh. 
Caryophyllaceae 

Silene acaults L. var.exscapa 
Stellarta longtpes Goldie 

S. monantha Hulten 

_ Ranunculaceae 

Aetaea rubra (Ait.) Willd. 
Anemone drummondtt §S. Wats. 


Ae "multrpeda POLE: 
A. occtdentalis S. Wats. 
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Anemone parviflora Michx. 
A. patens L. var.wolfgangtana (Bess.) Koch. 
Aquilegta flavescens S. Wats. 


Clematts verttcéllaris DC. var. columbiana (Nutt.) 


Ranunculus eschscholtatt Schlect. 
Troviiuse ator; rorus' (A.Gray) Rydb. 


Cruciferae 


Arabts holboeltt Hornem. 
Cardamine bellidtfolta lL. 
Draba spp. 


Crassulaceae 
Sedum stenopetalum Pursh. 
Saxifragaceae 


Mitella nuda lL. 

Parnassta fimbrtata Konig 

P. palustris L. var. neogaea Fern. 
Ribes lacustre (Pers.) Poir. 

R. oxyacanthotdes lh. 

Re EV PSeee hou. . 

Saxtfraga aestivalis Fisch. & May. 
S. bronentatts L:. 

S. cernua lL. 

Gan Pye elt. Engler 

S. punctata lL. 

Ss prvutarte *L. 

Sb. oppostttfolia UL. 


Rosaceae 


Amelanchter alnifolta Nutt. 


Chamaerhodos erecta(L.) Bunge ssp. nuttallit Hulten 


Dryas octopetala L. 


Fragaria virgintana Duchesne var.glauca S. Wats. 


Potentilla diverstfolia Lehm. 
P. fruttcosa lL. 

P. gracilts Dougl. 

P. nivea L. 

P. pensylvanica lL. 

Rosa actcularis Lindl. 
Rubus acaulis Michx. 

R. pubescens Raf. 

R. strigosus Michx. 
Sibbaldta procumbens lL. 
Sorbus seopulina Greene 
Spirea lucida Dougl. 
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Leguminosae 

Astragalus striatus Nutt. 

A. abortgtnum:-Richards 

Hedysarum alptnum L. 

Lathyrus ochroleucus Hook. 

Oxytropts podocarpa A. Gray 

O. sertcea Nutt. var. spicata (Hook) Barneby 


0. splendens~Dougl. 
Vieta amertcana Muhl. 


Linaceae 

Linum ltewtstt Pursh. 
Empetraceae 

Empetrum ntgrum L. 

Violaceae 

Viola rentfolta A. Gray 
Elaeagnaceae 

Shepherdia canadenstis(L.) Nutt. 
Onagraceae 


Eptltobtum angusttfoltum lL. 
E. palustre L. 


Umbelliferae 
Osmorhtz2a sp. 
Cornaceae 


Cornus canadensis L. 
C. stolontfera Michx. 


Pyrolaceae 


Chimaphila umbellata (L.) Bart. 
Moneses untflora (L.) A. Gray 
Pyrola asartfolta Michx. 

PP. secunda L. 

P. vtrens Schweigg. 
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Ericaceae 


Aretostaphylos rubra (Rehder&Wils.) Fern. 
A. uva-urst (L.) Spreng. 
Casstope mertenstana (Bong.) D.Don. 


C, tetragona {Li.)° D.Don. SSp. saxtmontana (Small)Pors. 
Kalmta poltfolta Wang. var. mtcrophylla (Hook.) Rehd. 


Ledum groenlandtcum Oeder 

Menztesta glabella A. Gray 

Oxycoccus mtcrocarpus Turcz. 

Phyllodoce empetrtformts (Smith) D.Don. 
Pe agLlandutey Lora, (Hook.) Coville 
Vacctntum caespitosum Michx. 

V. membranaceum Dougl. 

V. scopartum Leiberg 

V. vitts-idaea (L.)var.minus 


Primulaceae 
Androsace septentrtonalts L. 
Gentianaceae 


Genttana glauca Pallas 


Genttanella amareltla (L.) Borner ssp. acuta (Michx.) 


J.M.Gillett 
G. proptnqua (Richards.) J.M.Gillett 


Boraginaceae 


Mertensta paniculata (Ait.) G.Don. 
Myosotts alpestris Schmidt 


Scrophulariaceae 


Castelleja mtntata Dougl. 

C. ocerdentaris Torn. 

Pedicularis bracteosa Benth. 

P. capttata Adams 

Pe stonaca Cham. & Sschiect 

Verontea alpina L. var. unalaschensts C.& S. 


Rubiaceae 


Galtum boreale L. 
G. trtflorum Michx. 


' Caprifoliaceae 


Symphortcarpos albus (L.) Blake 

Linnaea borealis L. var. americana(Forbes) Rehd. 
Lonteera tnvolucrata (Richards.) Banks 

Viburnum edule (Michx.) Raf. 
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Valerianaceae 
Valertana sttchensts Bong. 
Campanulaceae 


Campanula lastocarpa Cham. 
Ce rotund foicva Lis 


Compositae 


Achttlea-miullefottum Le 

Antennarta alptna(L.) Gaertn. 

A. lanata (Hook.) Greene 

A. nittda Greene 

A. racemosa Hook. 

ae rosed Greene 

Pen Ceara pina etre) TOLL 

A. cCordtfolta, Hook. 

A. Grachles) RyYAD. 

Ae Lact fo lta. Bong. 

A. mollis Hook. 

Artemtsta campestris L. 

Aero ad i Ward. 

A. norvegitca Fries 

Aster crrtrovarys mandL. 

A. consptcuus Lindl. 

Erigeron caespttosus Nutt. 

HE. composttus Pursnh. 

E. peregritnus (Pursh.) Greene ssp. ealltanthemus 
(Greene) Cronq. 

Hteractum gractle Hook. 

Petasttes palmatus (Ait.) A.Gray 

P. viLttzo liusmGrecne 

Senecto cymbalartotdes Nutt. 

S. Oduerjseorus, Pursh. 

S. trtangularts Hook. 

Solidago decumbens Greene 

S. multtradtata Ait. 

Taraxacum sp. 


*Nomenclature and sequence of Families from Moss (1959) 


and Packer (1974). 
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